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GENERAL INTRODUCTION 
Nutritional deficiencies are a severe problem for developing nations. 
In India, the difference between the amount of protein required for opti-
mum human nutrition and the amount actually consumed is 3.65 million tons 
per year. In Central America, approximately 70 percent of the children 
under five suffer from malnutrition (11). 
Cereals and legumes are the primary sources of protein in many de-
veloping nations. Of the legumes consumed, the common bean, Phaseolus 
vulgaris, is grown in many areas. In Central American countries, beans 
provide 20 to 30 percent of the total dietary protein (1). In Mexico, 
Brazil, and India, dry beans furnish 27 percent of the dietary protein 
consumed (6). Beans are a good protein source for these nations because 
they are high in tota 1 protein. The crude protein content of beans has 
been determined by various investigators to range from 17 to 32 percent 
(2, 3, 8, 9). The Food and Agriculture Organization (FAO) found percent 
protein in 11 samples of Phaseolus vulgaris averaged 22.1 percent (4). 
Although beans are high in protein, the amount that can be assimilated 
by humans is only 8 percent of the total seed weight. This difference in 
available versus total protein exists because the amounts of some essential 
amino acids limit the proportion of total protein that can be utilized. 
FAO research suggests that the sulfur-containing amino acids, methionine 
and cysteine, are the first 1 imiting amino acids, followed by tryptophan 
(4). The content of methionine and cysteine would need to be tripled 
and the tryptophan content doubled if humans are to assimilate a greater 
percentage of the total protein in Phaseolus vulgaris (10). 
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It would be advantageous to locate lines high in methionine, cysteine, 
and tryptophan to be utilized in a breeding program to improve the food 
value of the common bean. Kelly (5) and Kelly and Bliss (7) have already 
completed research examining the variability and inheritance of methionine 
content in Phaseolus vulgaris. The purpose of this study is to examine 
the tryptophan content of the common bean. This study can be divided into 
two parts, 1) the screening of 990 randomly chosen Plant Introduction lines 
for tryptophan content to provide an indication of the amount of genetic 
diversity present, and 2) a genetic study which will provide information 
on the inheritance of tryptophan content in beans. 
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REVIEW OF LITERATURE 
Genetic Studies in Beans 
Crude protein 
Leleji et al. (50) obtained broad sense heritability estimates for 
crude protein content which range from 31 to 64 percent. Kelly and Bliss 
(45) also obtained broad sense heritability estimates which ranged from 32 
to 71 percent. In both studies, estimates were based on data from plants 
grown at a single location. Leleji et al. (50) found narrow sense herita-
bility estimates for crude protein range from 5 to 12 percent based on 
F3;F2 regression. However, when backcross data were used, an estimate of 
20 percent was produced (50). In contrast, Kelly and Bliss (45) obtained 
narrow sense heritability estimates which ranged from 63 to 79 percent for 
the F3;F2 regressions. Leleji et al. (50) concluded that for the trait 
crude protein content, additive genetic variance was low while the environ-
mental variance was large. Kelly and Bliss (45), however, concluded that 
additive genetic action was large and that selection for high protein con-
tent should be effective. Differences in reciprocal crosses suggest that 
a maternal component may influence both percent crude protein (50) and 
percent available methionine (49). Kelly and Bliss (45) obtained herita-
bility estimates for the inheritance of methionine in beans. For popula-
tions grown at one location, broad sense heritability estimates for per-
cent available methionine ranged from 43 to 56 percent. Narrow sense 
heritability estimated by F3;F2 regression ranged from 82 to 89 percent, 
while similar estimates based on F4;F3 regression ranged from 52 to 87 
percent. 
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No research has been conducted to determine the inheritance of trypto-
phan content in beans. However, a limited amount of work has been done in 
examining the amount of tryptophan in beans. These values are summarized 
in Table 1. Values are presented in units reported in the literature. 
For comparison, the data have also been converted to other commonly used 
units. Most of the values determined by microbiological techniques are 
low, ranging from 1.1 mg tryptophan/gm flour (85) to 3.1 mg tryptophan/gm 
flour (52). Values obtained from chemical methods ranged from 1.8 mg 
tryptophan/gm flour (13) to 30.6 mg tryptophan/gm flour (20). Since an 
accurate, highly recognized analytical technique for tryptophan has not 
been developed, it is possible that these differences are due to inaccu~ 
racies in analytical technique rather than actual differences in tryptophan 
content. 
Plant habit 
Indeterminate plant habit is inherited as a monogenic dominant trait 
(16, 25, 47, 64, 80, 96). Many other genes are present which condition 
the appearance of the plant. Bliss (6) proposed that a single dominant 
gene controls sprawling plant habit. A population derived from a cross 
between a short, indeterminate plant and a sprawling determinate plant 
segregated to produce a ratio of nine tall indeterminate, three short in-
determinate, three sprawling determinate, and one true bush type plant. 
This suggests that the gene for sprawling plant habit and the gene for in-
determinate plant habit segregate independently. Frazier et al. (31) 
noted that many bush segregates possessed a sprawling growth habit and 
suggested that three major genes and many minor genes are involved in 
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Table 1. Tryptophan content in Phaseolus vulgaris 
Method of Tryptophan content 
tryptophan mg tryptophan/ mg tryptophan/ mg tryptophgn/ 
determi nation gm proteina gm nitrogen gm flour Reference 
Chemical 103 - 108c 644 - 863 22.8 - 30.6 20 
Chemical 17 - 29 106 - 180c 3.8 - 6.4 81 
Chemical 8 - 12 50 - 72c 1.8 - 2.6 13 
Microbiological 10 63c 2.3c 29 
~1icrobiological 8 - 12 52 - 73c 1.8 - 2.6 10 
Microbiological 5 - 10 32 - 62c 1.1 - 2.2 9 
Microbiological 9 56 2.0 2 
Microbiological 7 - 10 41 - 62c 1.5 - 2.2 8 
Microbiological 5 - llc 31 - 69 1.1 - 2.4 85 
Microbiological llc 67 2.3 71 
Microbiological 14 88 3.1 52 
aConversion based on 6.25 x nitrogen= protein. 
bconversion based on 22.1 percent protein. 
cValue reported in the literature. 
recovery of an upright bush plant. Characteristics such as height, inter-
node length and number, and elongation of the central stem made it diffi-
cult for these workers to recover an upright bush •. Norton (64) suggests 
that two genes, D for length of axis and T for twining vine, in addition 
to gene A for indeterminate plant habit could be present in any combina-
tion and segregate independently. Emerson (25) proposed three genes which 
7 
control the number and length of internodes. In addition, duplicate re-
cessive genes for abnormal dwarfing have been reported (96). Davis and 
Frazier (19) rated the growth habit of several bush types. Ratings of 
zero to nine were assigned, where nine was given to small, upright bush 
plants with pods borne well above ground level. Davis and Frazier con-
cluded that this habit was recessive and that a small number of genes may 
account for the difference between upright bush types and sprawling bush 
types. 
Yield 
As early as 1926, bean yield was recognized as a quantitative charac-
ter (80). Partial dominance for high seed yield has been proposed by 
Coyne (15) and Sarafi (78). Sarafi et al. (79) found no difference be-
tween reciprocal populations, indicating no significant cytoplasmic effect. 
Bean yield is generally described by three major components: number 
of pods per plant, mean seed weight, and number of seeds per pod. Coyne 
(15) found low positive phenotypic correlations between mean seed weight 
and total yield (r = 0.20 to 0.62) and the number of seeds per pod and 
total yield (r = 0.28 to 0.59). High phenotypic correlations were found 
between the number of pods per plant and total seed yield (r = 0.49 to 
0.96). Through diallel analysis, Dickson (22) found that pods per plant, 
seeds per pod, and seeds per plant were inherited additively. Coyne (15) 
concluded that separate genetic systems control these different yield com-
ponents. Broad and narrow sense heritability estimates have been obtained 
for each of the three yield components as well as yield per plant. These 
values are summarized in Table 2. 
Table 2. Heritability estimates for yield in Phaseolus vulgaris 
Broad sense Narrow sense 
Trait heri ta bi 1 i ty heri tabi 1 ity Country Year Reference 
Number of --- 0.29 Iran 1972-1973 78 
pods per 0.47 --- Iran 1971 79 
plant -0.08 -0.02 U.S.A. 1966-1967 15 
Number of --- 0.42 Iran 1972-1973 78 
seeds per 0.71 --- Iran 1971 79 
pod -0.03 -0.04 U.S.A. 1966-1967 15 
t·1ean --- 0.37 Iran 1972-1973 78 
seed 0.63 --·- Iran 1971 79 
weight -0.03 -0.01 U.S.A. 1966-1967 15 
(X) 
Weight of 0.48 --- Iran 1971 79 
seeds per plant 0.11 0.09 U.S.A. 1966-1967 15 
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The relationship between bean yield and tryptophan content has not 
been studied. However, some researchers have examined the relationship 
between yield and other nutritional factors. Rutger (77) found that yield 
and protein content were not significantly correlated. Leleji et al. (50) 
found a significant negative correlation (r = -0.45) between crude protein 
content and yield. In addition, Kelly and Bliss (45) found a significant 
negative correlation (r = -0.30) between these traits. Kelly and Bliss 
{45) also found that there was no correlation between total seed weight 
per plant and available methionine. All researchers concluded, however, 
that enough variation exists in yield and crude protein content to select 
plants high in both yield and crude protein. 
The relationship between yield and plant growth habit has also been 
studied. Sax (80) studied an F2 population of beans derived from a cross 
between bush and vine type beans. He found that total yield of vine segre-
gates was twice that of bush types. However, Westermann and Crothers {95) 
found that the productivity of vine and bush cul tivars was affected dif-
ferently by planting density. The number of seeds per pod and grams per 
seed were found to increase as the area per plant increased for vine cul-
tivars, but not for bush cultivars. In addition, seed yield per unit area 
was relatively constant for indeterminate cultivars but decreased at lower 
planting densities for determinate cultivars (17). 
Color expression in cotyledons, flowers, and pods 
The presence of color, other than green, in plant parts such as coty-
ledons, hypocotyl, stem, flowers, and pods requires the presence of a 
basic color factor, P, and modifiers at other loci, for example the v 
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locus. v produces a violet flower (69), v
1 
produces a light lilac flow-
as 
er (69), v 
1 
a still lighter violet color (96), and v a white flower (69). 
pa 
Two additional flower phenotypes have been described (58), one white with 
anthocyanin flecks on the wings, and the other white with dilute color on 
the standard. 
Miyake et al. (58) observed three cotyledon colors, red (violet), pink 
and green. Red was dominant to pink. In a cross of pink by green, the F1 
was red .. The F2 segregated to produce a ratio of nine red: three pink: 
four green. In F2 populations of red by green crosses, some monohybrid 
and some dihybrid ratios were obtained. Miyake et al. concluded that 
there are two genes for green stems and cotyledons. In addition, they con-
cluded that only one gene conditions red versus pink stems and cotyledons. 
When both genes for green color are dominant, gene products at the third 
locus are expressed. Several inhibitor genes have been proposed which in-
. fluence cotyledon color. Gene i
1 
(61) inhibits the action of the basic 
color factor P, i
2 
inhibits the action of v
1 
(61), and gene i inhibits 
ae e 
the action of the gene v (62). 
Pods may be striped, spotted, or splashed with faint colors (96). A 
gene R must be present for pod color to be expressed (47). This locus in-
cludes alleles Rst for stripe and Rma for mottling (96). Gene Bl condi-
tions blue color expression while bl allows red colored pods to be pro-
duced (47). 
Many researchers have examined the relationship between cotyledon 
color (also observed in hypocotyls and stems) and flower color. Both 
Miyake et al. (58) and Prakken (68) observed that white flowers were al-
ways associated with green hypocotyls and cotyledons. Colored flowers 
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appear to be associated with either colored or green coty1edons. In addi-
tion, ~1iyake et al. (58) found that when the cotyledons and stem were 
colored, flower color intensity could be predicted. Red (violet) stems 
were associated with red (violet) flowers. Pink stems were associated 
with pink flowers. However, plants with green stems could produce either 
red, pink, flecked, or white flowers. Coyne and Steadman (16) have pro-
posed that red stems, red cotyledons, and violet flower color are con-
trolled by two complementary genes. The association of white flowers with 
green stems and violet flowers with red stems was attributed to pleiotropy. 
However, Miranda (57) observed plants with white flowers and pigmented 
cotyledons, and plants with violet flowers and green cotyledons in an F2 
population derived from a cross between a plant with white flowers and 
green cotyledons and a plant with violet flowers and pigmented cotyledons. 
These unusual F2 plants are believed to be recombinants due to a chromo..; 
some cross-over even though these genes are only 10.17 map units apart. 
Kooiman {47) reported that flower and pod colors were associated. 
Plants with violet flowers produced blue tinted pods while plants with 
lilac colored flowers produced red pods. In contrast, plants with white 
flowers produced either pale blue or pale red pods. 
Tryptophan Analysis 
Acid hydrolysis 
Tryptophan is an important component of proteins and an essential 
amino acid for many animals and man. Because of the nutritional signifi-
cance of tryptophan, the development of rapid, accurate analytical methods 
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for this amino acid are very important. Extensive research has taken 
place in this area, but complete success has not been attained. 
Most amino acids can be determined accurately with acid hydrolysis 
and ion-exchange chromatography (4), but tryptophan is an exception. Acid 
hydrolysis generally destroys tryptophan. However, some researchers have 
reported using acid hydrolysis and chemicals which protect tryptophan in 
tryptophan determinations. Matsubara and Sasaki (53) used various concen-
trations of thioglycolic acid (0.5 to 6.0 vol/vol percent) to reduce the 
destruction of tryptophan while proteins were hydrolyzed in 6 N hydrochlo':"'· 
ricacid. Gehrke and Takeda (35) used 5 percent mercaptoacetic acid to pre-
vent destruction of tryptophan while proteins were hydrolyzed in 6 N hydro-
chloric acid at 100°C for 20 hours. Using this procedure, 66.5 percent of 
the tryptophan was recovered. Penke et al. (66) hydrolyzed proteins in 3 N 
mercaptoethane sulfonic acid at 100°C for 24 hours. Cegara and Gacen (12) 
used 18 N sulfuric acid at 70°C for two hours to liberate tryptophan in 
wool. 
Gruen (41) studied the interaction between tryptophan and other amino 
acids during hydrochloric acid hydrolysis. He found that the presence of 
serine, cystine, hydroxyproline, and tryosine decreased the amount of 
tryptophan recovered. However, methionine and cysteine did not affect the 
amount of tryptophan recovered. 
Liu and Chang (51} hydrolyzed proteins in 3 N p-toluene sulfonic acid 
and achieved good recovery of tryptophan and other amino acids. However, 
recoveries were low for samples high in carbohydrates such as feeds. Lui 
and Chang also used the acid hydrolysis procedure described by Matsubara 
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and Sasaki (53). They found that when high concentrations of glucose were 
present, thioglycolic acid no longer was effective in protecting trypto-
phan. These results suggest that an alkaline hydrolysis should be used 
when high carbohydrate samples are examined for tryptophan content. 
Alkaline hydrolysis 
Alkaline hydrolysis of proteins by either barium hydroxide or sodium 
hydroxide has been used by many researchers (46, 56, 75, 84). Oelshlegel 
et al. (65) used an alkaline hydrolysis of 6 M sodium hydroxide with thio-
diglycol as a protective agent. Spies and Chambers (91) researched the 
behavior of tryptophan in samples hydrolyzed with either sodium hydroxide 
or barium hydroxide. Tryptophan recovery values decreased when cystine, 
cysteine, lanthionine, serine, and threonine were added to samples. The 
addition of carbohydrates, however, had a negligible effect. In contrast, 
Dreze (23) suggested that tryptophan was destroyed by starch during hy-
drolysis with sodium hydroxide. 
Enzymatic hydrolysis of proteins with pronase has been used by some 
researchers, but it has not been determined if this procedure liberates 
tryptophan from proteins without destruction. Spies (89, 90) and Shepherd 
et al. (83) have reported use of this procedure. 
Detection methods 
Several methods exist for the determination of tryptophan in protein 
hydrolysates. These include spectrophotometric methods, microbiological 
methods, and chromatography. Some of these methods have also been used to 
determine the amount of tryptophan in intact proteins, although the values 
obtained are often too high (91). 
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Hopkins and Cole (44) were the first to isolate tryptophan. They 
discovered that protein treated with glyoxylic acid yielded a purple color. 
Other researchers, including Cary (11) and Shaw and McFarlane {82) ex-
amined this reaction. The chromophore formed absorbed light at 540 nm. 
Proteins were also found to give colored solutions when treated with 
hydrochloric acid, potassium nitrite, and several aldehydes. Today, most 
procedures for tryptophan analysis involve aldehyde reactions (32). 
Holm and Greenbank (43) first reported the formation of a colored 
product when intact protein was treated with ~dimethylaminobenzaldehyde. 
May and Rose (54), Graham et al. (39), Spies and Chambers (91), Spies {88, 
89, 90), and Rama Rao et al. (72) all reported modifications of this pro-
cedure. In general, the reaction consists of two steps. First, trypto-
phan reacts with p-dimethylaminobenzaldehyde in solution. Second, this 
solution is oxidized with sodium nitrite and produces a blue chromophore. 
The reaction is applicable to intact as well as hydrolyzed proteins. Spies 
{89), however, reported that values were higher than expected when this 
method was used on intact proteins. Amaya-F et al. (1) automated the p-
dimethylaminobenzaldehyde reaction. Dioxane was used instead of sodium 
nitrite for the formation of a blue chromophore (A max= 570 mn). Modifi-
cations of this automated procedure were proposed by Piombo and Lozano 
(67). 
Gaitonde and Dovey {33) reported a colorimetric procedure for deter-
mining both free and bound tryptophan. Tryptophan treated with an acid 
ninhydrin reagent yielded a yellow product (A max = 370 nm). This method 
was found to provide high tryptophan concentrations for proteins with a 
high tyrosine to tryptophan ratio. Zahnley and Davis (97) described a 
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method to correct for tyrosine interference. Sadek et a1. (86) applied 
the Gaitonde and Dovey (33) method to protein extracts of beans and other 
seeds. 
Holiday (42)s Goodwin and Morton (38)s and Bencze and Schmid (3) 
developed ultraviolet procedures for the detection of tryptophan and tyro-
sine in proteins. Edelhoch (24) modified these methods. In this proce-
dure, protein was placed in 6 M guanidine hydrochloride and the absorbance 
at 280 nm and 288 nm was determined. Two simultaneous equations were 
solved based on these absorbance readings. However, contaminants contrib-
uting to absorbance at 280 nm or 288 nm interfered with their final re-
sults. 
Observations that amino acids could be separated by paper chromatog-
raphy led researchers to look for another chromatographic method for the 
quantitative determination of amino acids. Ion-exchange chromatography 
emerged as this technique (76). Spackman et al. {87) were the first to 
automate this procedure by automatically recording the color value pro-
duced when effluent reacted with ninhydrin. This was the first automated 
amino acid analyzer. Many modifications have been proposed since that 
time. Most deal with ways to increase sensitivity and shorten the anal-
ysis time. ~·1odifications of the buffers used to increase amino acid reso-
lution have been described by Murren et al. (60), Ersser (26), and Niece 
(63). Redman (73) found that by increasing sodium chloride concentration 
in the final stages of elution, histidine and tryptophan could be com-
pletely resolved. 
Amino acid derivatives have been utilized to permit determination of 
tryptophan by gas-liquid chromatography. Several derivatives have been 
16 
obtained which are suitable for tryptophan analysis. The N-trifluoro-
acetyl n-butyl esters (5, 18, 34, 48, 74) produce multiple peaks for tryp-
tophan. A tri-trifluoroacetyl derivative was also obtained (36, 93) which 
produced a single peak for tryptophan. Other suitable derivatives include 
n-propyl N-acetyl esters (14), N-acetyl-0-methyltryptophan (27), N-tri-
methylsilyl trimethylsilyl esters (37), and phenylthiohydantion deriva-
tives (28). Much of this work has been summarized by Deyl (21). 
The principles of gas chromatography and ion-exchange chromatography 
have been combined in the development of high performance liquid chroma-
tographic (HPLC) methods for amino acid analysis. Use of HPLC separation 
techniques coupled with post-column reactions with fluorescamine or o-
phthalaldehyde produce a detectable amino acid derivative (55, 70}. De-
tection is generally accomplished with a fluorimeter. The use of HPLC 
technqiues has led to a reduction in analysis time and an increase in 
sensitivity. Voelter and Zech (94) compared the use of a conventional 
amino acid analyzer with HPLC. Times for separation were reduced by a 
factor of three to four. Sensitivity improved by a factor of 100 to 1000. 
Several researchers (59, 28) have described modifications of these sys-
tems which are applicable for tryptophan analysis. 
Many microbiological methods for tryptophan analysis have been de-
scribed. Greene and Black (40) found that Lactobacillus arabinosus 17-5 
was very sensitive to L-tryptophan and would not grow on closely related 
compounds. Verbina (93) found that mutant forms of E. coli and B. sub-
tillis would grow only in the presence of tryptophan. Boyne et al. (7) 
and Ford (30) determined tryptophan content using streptococcus zymogenes. 
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The bacteria were grown on an assay media and a solution of amino acid 
minus tryptophan. The response was determined photometrically by measuring 
the optical density of the culture at 580 nm. Shepherd et al. (83) assayed 
for amino acids in proteins using Tetrahymena pyriformis grown on a culture 
media without the amino acid to be tested. Microbial activity was deter-
mined by measuring the production of tetrahymanol, a terpene synthesized 
by the organism. However, this procedure was not recommended for routine 
work; since the culture medium is complex, the incubation period is long, 
three to four days, and the culture is frequently contaminated by other 
microorganisms. 
Friedman and Finlay (32) suggest that since all methods of tryptophan 
analysis contain uncertainties, it is best to recheck the tryptophan 
values obtained by other methods of analysis to insure reliable data. It 
appears that even with all the amino acid research that has taken place, a 
fast and accurate method for determining the tryptophan content of pro-
teins is still needed. 
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SECTION I. 
VARIATION IN THE TRYPTOPHAN CONTENT OF 
PHASEOLUS VULGARIS SEEDS 
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INTRODUCTION 
The common bean (Phaseolus vulgaris) is a high protein source of food 
(2, 3, 6, 8). However, tryptophan, valine, and the sulfur-containing amino 
acids, methionine and cysteine, are present in low quantities and limit the 
proportion of total protein that can be assimilated by humans (4). 
Kelly (5) examined the variation in methionine content of 3595 single 
plant seed samples from 480 Plant Introduction lines of Phaseolus vulgaris. 
From this study, it was concluded that variability in methionine content 
was due primarily to genetic effects. Within the samples screened, varia-
bility was great enough to allow for improvement in methionine content by 
selecting high methionine lines. 
In contrast, only a few bean lines have been screened for tryptophan 
content. Based on the analysis of 11 bean samples, FAO (4) has published 
a mean tryptophan value for beans of 2.2 mg tryptophan/gm dry bean flour. 
Other estimates range from 1.1 mg/gm (9) to 30.6 mg/gm (3). 
The purpose of this study was to determine the range of tryptophan 
content in Plant Introduction lines and commercial cultivars of dry and 
snap beans. This information will allow us to determine if enough genetic 
variation in tryptophan content exists to allow improvement by breeding 
and selection. 
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MATERIALS AND METHODS 
During the week of June 5, 1978, 990 Plant Introduction lines and 82 
commercial dry and snap bean cultivars were planted at the Iowa State 
University Horticultural Research Station near Gilbert, Iowa. Prior to 
planting, fields were plowed and disked. Fertilizer was applied at the 
rate of 45-90-45 kg/hectare actual. Treflan 4EC was preplant incorporated 
at the rate of 0.84 kg active ingredient/hectare for weed control. Sub-
sequent weed control was achieved through cultivation and hand weeding. 
Plots of each Plant Introduction line and commercial bean cultivar 
were single rows, 0.91 meters in length with 0.91 meters between rows. 
Six hundred twenty of the 990 Plant Introduction lines reached maturity 
before the first killing frost and were harvested as dry beans. The cen-
ter 0.61 meters of each plot was individually hand-harvested. Pods were 
threshed using an ALMACO SBT thresher manufactured by Allan Machine Com-
pany, Ames, Iowa. Any debris remaining in the sample \'Jas removed by pour-
ing the seed sample through graduated sieves. All diseased seed were re-
moved. 
Seeds were dried to a uniform moisture level in drying ovens at the 
Agronomy-Agricultural Engineering Research Center for seven days at 38°C. 
Percent seed moisture was determined according to the procedure of Roberts 
and Roberts (7). Seed samples from each plot were ground in a Cyclone 
Sample Mill manufactured by UD Corporation of Boulder, Colorado. The 
flour passed a 50 mesh screen and was saved for further analysis in 10 
dram snap cap vials. 
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Tryptophan content was determined by the method of Amaya-F. et al. 
(1). The amount of time required for complete protein hydrolysis in bean 
flour was determined by hydrolyzing flour samples for varying amounts of 
time (Figure 1). If samples were not hydrolyzed, low apparent tryptophan 
values were obtained. A one hour hydrolysis resulted in high apparent 
tryptophan values. Values were consistent for hydrolysis times ranging 
from two to six hours. Based on these results, a three hour hydrolysis 
was chosen. 
Several modifications of the procedure were necessary. A Technicon 
Auto Analyzer II was used for this analysis. Sampling time was reduced 
from 40 to 10 samples per hour to allow complete formation of sample 
peaks (sampling cam wheel for 10, 2/1, samples/hour). The five turn mix-
ing coil suggested (1) to mix protein hydrolysates and p-dimethylamino-
benzaldehyde was replaced with a 10 turn mixing coil to allow complete 
mixing of these two solutions. A standard curve of 10, 20, 30, and 40 
~g tryptophan/ml was run before each set of 10 samples. 
Following the initial screening of Plant Introduction lines for tryp-
tophan content, it was discovered that the protein hydrolysate produced an 
absorbance reading at 570 nm. A small peak was formed when hydrolysate 
and water (in place of reagents) were passed through the colorimeter (Fig-
ure 2,A). The height of this peak was equal to the difference between peak 
B, formed when the hydrolysate and all reagents were passed through the 
colorimeter with air in the reference cell, and peak C, formed when the 
hydrolysate and all reagents were passed through the colorimeter with hy-
drolysate in the reference cell. These data suggest that the height of 
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Figure 1. The tryptophan concentration of three dry bean cultivars as 
affected by different hydrolysis times 
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Figure 2. The influence of hydrolysate color on absorbance at 570 nm 
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peak A should be subtracted from the height of peak B to provide accurate 
peak height readings based on the chemical reaction alone (peak C). 
Since tryptophan in protein hydrolysates undergoes rapid chemical 
degradation, these samples had been discarded. In order to correct the 
Plant Introduction line tryptophan values for absorbance due to the pro-
tein hydrolysate, a regression of corrected vs. uncorrected tryptophan 
values from an F2 population of P.I. 200940 x P.I. 282108 was undertaken. 
The following highly significant (F = 5784.52, p= 0.001) regression 
equation was obtained: 
Corrected tryptophan value = -0.1638 + (0.8172) (uncorrected 
tryptophan value). 
The R2 value for a regression is the ratio of the sum of squares accounted 
for by the model to the total sum of squares. Ninety percent of the 
variation between uncorrected and corrected tryptophan values is accounted 
for by this regression. All 1978 tryptophan values for the Plant Intro-
duction lines were color corrected {Appendix A) using this regression 
equation to allow comparisons with similar data produced in 1979 for com-
mercial (Appendix B) and genetic populations {Appendix C) of dry beans. 
Standard errors for the 1978 and 1979 tryptophan analyses are presented 
in Appendix D. The following traits were evaluated for each Plant Intro-
duction line: days to harvest, seed yield in grams per plant, and trypto-
phan content in mg tryptophan/gm of moisture-free bean flour. 
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RESULTS AND DISCUSSION 
Mean values for tryptophan content, yield per plant, and days to 
harvest are presented in Table 3 for the Plant Introduction lines evalu-
ated. The tryptophan content of the highest line was more than four times 
greater than that of the lowest 1 ine. Phenotypic correlations between 
tryptophan content, yield, and days to harvest in Plant Introduction lines 
are presented in Table 4. The phenotypic correlation between yield and 
tryptophan content was not significant, and the correlation between days 
to harvest and either yield or tryptophan was small. Since the correla-
tions are low, lines with many combinations of tryptophan content, yield, 
and days to harvest should be present. These results suggest that selec-
tion of lines with high tryptophan content, high yield, and early harvest 
should be possible. 
Table 3. Mean, standard deviation, minimum and maximum values for th~ee 
traits in 620 Plant Introduction lines of Phaseolus vulgaris 
grown in 1978 
Days 
to harvest 
~1ean 107.6 + 14.7 
Minimum 88 
Maximum 145 
Yield 
(gm/pl ant) 
8.6 + 6.6 
0.1 
43.0 
Tryptophan 
(mg/gm flour) 
8.4 ± 2.3 
4.1 
17.2 
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Table 4. Phenotypic correlations between tryptophan content, yield, and 
days to harvest for 620 Plant Introduction lines of Phaseolus 
vulgaris grown in 1978 
Yield (gm/plant) 
Tryptophan (mg/gm flour) 
** 
Tryptophan 
(mg/gm flour) 
-0.0060 
Significant at the 1% level. 
Days 
to harvest 
0.2049 ** 
0.1701 ** 
Seventy-nine commercial dry bean cultivars were also screened for 
tryptophan content (Appendix B). The mean tryptophan content of these 
lines, 5.0 mg/gm, was 40 percent less than the mean of 8.4 mg/gm produced 
by the Plant Introduction lines. If these differences are due to genetic 
variability and not to environmental effects, it appears that a large 
number of Plant Introduction lines possess a tryptophan content higher 
than the commercial cultivars currently in use. 
Based on FAO data (4), beans contain 63 mg tryptophan/gm nitrogen, 
or 2.23 mg tryptophan/gm dry flour (based on 22.1 percent total protein). 
This is approximately 68 percent of the tryptophan content of eggs. Since 
eggs are considered to have a favorable balance of amino acids, beans with 
tryptophan contents greater than 3.3 mg/gm of dry flour should contain 
sufficient tryptophan for the human diet. In this study, 66 percent of 
the commercial cultivars possess tryptophan contents ;greater than this 
amount. In addition, all of the Plant Introduction lines were higher 
than 3.3 mg/gm. However, it should be noted that comparisons between FAO 
data and data produced for this study should be made with caution since 
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FAO values were determined microbiologically and values in this study 
were determined chemically. 
Results of this study suggest that selection of lines with high 
tryptophan content, high yield, and early harvest should be possible. 
In addition, many Plant Introduction lines produce tryptophan contents 
greater than commercial dry and snap bean cultivars. This suggests that 
hybridization and selection may produce cultivars with increased levels of 
tryptophan. 
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SECTION I I. 
THE INHERITANCE OF TRYPTOPHAN CONTENT AND 
YIELD IN BEANS, PHASEOLUS VULGARIS 
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INTRODUCTION 
Beans are a high protein source of food. Several investigators have 
found that the protein content of beans ranges from 17 to 32 percent (3, 
5, 11, 19). However, tryptophan, valine, and the sulfur containing amino 
acids (methionine and cysteine) are present in low quantities and there-
fore 1 imi t the amount of protein that can be used by humans (8). Infor-
mation on the inheritance of these amino acids would be useful for breeders 
attempting to improve the nutritional quality of beans. 
Kelly and Bliss (10) have studied the inheritance of methionine in 
Phaseolus vulgaris. A high narrow sense heritability estimate (52 to 87 
percent) was obtained, suggesting that the additive genetic variance was 
high and that selection for high methionine content should be effective. 
Despite the importance of tryptophan in the food value of beans, no re-
search has been conducted to study the inheritance of tryptophan content. 
In selecting beans with increased nutritional quality, yield must be 
maintained. The relationship of yield and various nutritional factors in 
beans has been investigated. Rutger (17) found that yield and protein 
content were not significantly correlated. However, Leleji et al. (12) 
and Kelly and Bliss (10) found negative correlations between yield and 
protein content (r = -0.45 and r = -0.30, respectively). In contrast, 
Kelly and Bliss (10) found no correlation between seed yield and percent 
available methionine. No research has been conducted to determine the 
relationship of yield to tryptophan content in beans. 
The purpose of this study was to determine the inheritance of both 
tryptophan content and yield in beans. In addition, the relationships, 
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if any, between these traits and plant habit, cotyledon color, flower 
color, and seed coat color were examined to determine if these traits 
might be useful in selecting for high tryptophan content or high yield. 
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MATERIALS AND METHODS 
Four bean Plant Introduction lines (P.I. 151026, P.I. 169815, P.I. 
200940, and P.I. 282108) were used in this study to determine the inheri-
tance of tryptophan content and dry bean yield per plant. Lines were 
chosen based on their tryptophan contents, using two low (P.I. 151026 and 
P.I. 200940) and two high (P.I. 169815 and P.I. 282108) lines. Mean 
tryptophan content, yield, and days to harvest for these four parents are 
shown in Table 5. 
Table 5. 1978 Tryptophan content, yield, and days to harvest for the four 
diallel parents used in this study 
Plant Introduction Tryptophan Yield Days to 
Parent number content (gm/pl ant) harvest 
(mg/gm flour) 
1 151026 7.1 4.2 102 
3 169815 13.7 5.7 114 
2 200940 6.6 6.5 95 
4 282108 13.9 6.5 137 
The parental plants used in this study were grown in the greenhouse 
from December, 1978, to May, 1979. Supplemental artificial light was pro-
vided for 16 hours each day. Five hundred thirty-six parts per million of 
nitrogen in the form of Peter's {20-20-20) fertilizer were applied as 
needed. Temik was applied as required at recommended rates to control 
mites. 
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The four lines were crossed to complete a 4x4 full diallel, produc-
ing four parental and 12 F1 populations. The cross of P.I. 200940 x P.I. 
282108 and its reciprocal were grown an additional generation to produce 
two F2 populations. F1 plants of this cross were also backcrossed in all 
combinations to produce eight backcross populations. 
Several plant traits were employed as genetic markers to insure the 
success of cross pollination (Table 6). The inheritance of these traits 
is as follows. Indeterminate plant habit, vine type, was dominant to 
semivine or bush. Purple cotyledon pigmentation appeared as flecks on 
cotyledons. This trait was dominant to green colored cotyledons. Violet 
flowers were dominant to white flowers with purple standards. Both were 
dominant to pure white flowers. Dark seed coat colors were dominant to 
light colors. All F1 progeny were genetically marked except for the 
cross P.I. 200940 x P.I. 151026. 
Table 6. Parental phenotypes for plant habit, cotyledon color, flower 
color, and seed coat color 
Plant 
I ntroduc ti on Plant Cotyledon Flower Seed coat 
Parent number habit color color color 
1 151026 Bush Green White with Tan purple standard 
3 169815 Vine Green White White 
2 200940 Semi vine Purple Violet Black 
4 282108 Vine Green !~hite Brown 
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Twenty-six populations (four parental, 12 F1, two F2, and eight 
backcross) were seeded at the Horticulture Station near Gilbert, Iowa on 
June 14, 1979. Prior to seeding, the field was plowed and fertilizer at 
the rate of 45-90-45 kg/hectare actual was disked in. Treflan 4EC was 
preplant incorporated at the rate of 0.84 kg active ingredient per hectare 
to control weeds. Subsequent weed control was provided through cultiva-
tion and hand weeding. 
Plots of each genetic population were planted in a randomized complete 
block design with four replications. Plants were spaced 0.30 meters apart. 
All rows were 0.91 meters apart. ~lithin each replication, each parental 
and F1 population consisted of eight plants per plot, and each F2 popula-
tion consisted of 75 plants per plot. All backcross seed produced were 
planted. 
Each plant was individually hand harvested when the pods were dry. 
Pods were threshed using an ALMACO SBT Thresher manufactured by Allan 
Machine Company, Ames, Iowa. Any debris remaining in the sample was 
separated from the seed using an Improved South Dakota Seedblower manu-
factured by Seedburo Company, Chicago, Illinois. All diseased seed were 
removed. Seeds were dried to a uniform moisture level in drying ovens at 
the Agronomy-Agricultural Engineering Research Center for seven days at 
38°C. Percent seed moisture was determined according to the procedure of 
Roberts and Roberts (16). Bean yield in grams was recorded for each plant 
after drying. Seed samples from each plot were ground in a Cyclone Sample 
Mill manufactured by UD Corporation of Boulder, Colorado. The flour 
passed a 50 mesh screen and was saved for further analysis in 10 dram snap 
cap vials. 
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Tryptophan content was determined by the method of Amaya-F. et al. 
(1). The amount of time required for complete protein hydrolysis in bean 
flour was determined by hydrolyzing flour samples for varying amounts of 
time (Figure 3). If samples were not hydrolyzed, low apparent tryptophan 
values were obtained. A one hour hydrolysis resulted in high apparent 
tryptophan values. Values were consistent for hydrolysis times ranging 
from two to six hours. Based on these results, a three hour hydrolysis 
was chosen. 
Several modifications of the procedure were necessary. A Technicon 
Auto Analyzer II was used for this analysis. Sampling time was reduced 
from 40 to 20 samples per hour to allow complete formation of sample peaks 
(sampling cam wheel for 20, 6/1, samples/hour). The five turn mixing coil 
suggested (1) to mix protein hydrolysates and p-dimethylaminobenzaldehyue 
was replaced with a 10 turn mixing coil to allow complete mixing of these 
two solutions. A standard curve of 10, 20, 30, and 40 ~g tryptophan/ml 
was run before each set of 10 samples. 
Further modifications were necessary since the protein hydrolysate 
produced an absorbance reading at 570 nm. A small peak was formed when 
hydrolysate and water were passed through the colorimeter (Figure 4, A). 
The height of this peak was equal to the difference between peak B, formed 
when the hydrolysate and all reagents were passed through the colorimeter 
with air in the reference cell, and peak C, formed when the hydrolysate 
and all reagents were passed through the colorimeter with hydrolysate in 
the reference cell. These data suggest that the height of peak A should 
be subtracted from the height of peak B to provide accurate peak height 
readings (peak C), based on the chemical reaction alone. 
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Figure 3. The tryptophan concentration of three dry bean cultivars as 
affected by different hydrolysis times 
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Figure 4. The influence of hydrolysate color on absorbance at 570 nm 
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T-tests were run on the difference between the mean of a cross and 
its reciprocal to determine whether maternal influence significantly af-
fected tryptophan content or yield. Comparisons were made between paren-
tal and cross means as described by Steel and Torrie (21) to determine if 
heterosis was present. 
The procedures of Mather and Jinks {14, lS.) were used to analyze the 
diallel data. The terminology used by Mather and Jinks may be expressed 
as fo11ows: 
vp =variance of parental lines 
Vr = variance of each parental array 
vr = mean of vr 
Wr = covariance of each parental array with the nonrecurrent parent 
wr = mean of wr 
vr = variance of array means 
Ve = error variance 
Dp = genetical component of variation among the parents of a diallel 
Dw = genetical component in Wr 
DR = additive component of variation in a randomly breeding popula-
tion 
HR = dominance component of genetic variance 
u = frequency of the dominant allele 
v = frequency of the recessive allele 
d = value of the homozygote 
h = deviation of the value of the heterozygote from the midparent 
value due to dominance. 
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Regression of Wr on Vr was conducted using standard regression analysis. 
Heritability for the mean data was estimated using the following 
formulas: 
narrow sense heritability= {~DR)/{~DR+~HR+Ve ), and 
When HR was less than zero, narrow sense heritability was estimated as 
Analysis of individual plant data leading to estimates of general and 
specific combining ability was conducted according to the procedures of 
Griffing (9) and Becker (2). Formulas for these computations are provided 
by Becker (2) and are summarized below. 
Analysis of variance of individual plant data was performed using the 
following model: 
y .. k = 1.1 +A· + 13· + (AS) .. + e: •• k' 
1J 1 J 1J 1J 
where yijk is the observation of the kth indiv.idual of the ;th 
cross and the jth replicate, 
1.1 is the overall mean, 
A· is the effect of the ith cross, 
1 
s. is the effect of the jth replication, 
J 
(AS)ij is the interaction of the ith cross with the jth 
replicate, and 
e:ijk is the random error between plants within plots. 
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The expected mean squares for the analysis of variance are as 
follows: 
Source Degrees of EMS E~1S freedom fixed model random model 
Replication R-1 2 cr~ + 2 2 cr + FKQ> (R) KcrRF + FKcr K w 
Cross F-1 cr2 + RKQ> (F) 2 + 2 2 w crw KcrRF + RKcrF 
Cross replication (R-l){F-1) (J~ + K<P (RF) (J~ + 2 KcrRF 
Error RF ( K-1) 2 2 (J (J w w 
where R = number of replications, 
F =number of crosses (F1's), 
K =number of plants for each F1. 
General combining ability (gi) for each line was determined as: 
where 
1 
gi = p(p- 2) [pZi. - 2Z .. ] 
p = number of parental lines, 
Zij = the mean of each cross averaged over replications, 
z .. 
= the sum of z .. for the ;th parental array, and 
1J 
= the sum of a 11 Zi j . 
The estimated variance for each gi was: 
2 _.2.:_L ( 2 ) crgi = p(p- 2) now , 
where 
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1 
n = RK' 
R =number of replications, 
K =average number of plants for each F1, and 
a~ = error variance, or the variance between plants within each 
plot. 
Specific combining ability (s;j) was determined as: 
1 2 
sij = Z;j- p- 2 (Zij + Z.j) + (p-1)(p-2) Z .. , 
where 
Z.j =the sum of the Zij for the jth parental array. 
The estimated variance for each s .. was: 
1J 
2 1 2 2 
a = p-2 -~· sij - {p-3)na;!(p-2). sij 1rJ 
Sums of squares for general (GCA) and specific (SCA) combining ability 
were determined as: 
Source 
GCA 
SCA 
Degrees of 
freedom 
p-1 
p(p-3)/2 
Sum of 
sguares 
~Z;. 2/(p-2)- 4Z .. 2/[p{p-2)] , 
2 2 2 .r.rzij - ~zi. /(p-2) + 2Z •. /[(p-1)(p-2)}. 
, <J 1 
The expected mean squares of GCA and SCA, assuming a completely random 
model, are as follows: 
where 
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SCA n(~2 + K~R2F) + ~2 w sea 
~~ + K~2RF is the expected mean square for the crosses x repli-
cations interaction in the analysis of variance using 
individual plant data. 
2 2 The genetic expectations of ~gca and ~sea are: 
where 
2 2 3 ~gca = (F/2)VA + (F/2) VAA + (F/2) VAAA + 
2 2 2 3 ~sea= F VD + (7/8)F VAA + F VAD + ... 
F = inbreeding coefficient, 
VA = additive component of genetic variance, and 
v0 = dominance component of genetic variance. 
The standard error for ~~ca was estimated as 
{[2/(p-2) 2 J[MS~ca/(p+l) + MS~ca/(2+pp-3/2)]}~. 
2 The standard error for ~sea was estimated as 
where 
2 2 2 2{MSsca/(2+pp-3/2) + (~w + K~RF)/[(R-l)(F-1)+2]}, 
MSgca is the mean square for general combining ability, and 
MSsca is the mean square for specific combining ability. 
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Heritabilities from individual plant data were estimated as: 
h "t b•l't - 2A2 /(2A2 + A2 + ft2) narrow sense en a 1 1 y - o gca . o gca o sea ow . 
broad sense heritability= (2cr~ca + cr~ca)/(2cr~ca + cr~ca +a;). 
2 When osca estimates were less than zero, narrow sense heritability was 
estimated as: 
hA2 = 2A2 /(2A2 + A2) n °gca 0 gca 0 w · 
Using F2 data, broad sense heritability estimates were provided by 
the relationship 
2 where oF2 is the estimated variance of the F2 population, and opl and op2 
are the estimated standard deviations of the parental populations. Re-
sponse to selection, R, was determined according to the equation R = 
(h2)(i)(op) (6), where h2 is the narrow sense heritability, i is the 
selection intensity, and op is the phenotypic standard deviation. 
F2 populations were sorted into phenotypic groups based on visible 
characteristics. Mean data values produced by these groups were com-
pared using t-tests to determine whether significant differences exist 
between means. The standard error for the difference between two means 
required in the t-test procedure was determined as sd =(s1
2;n1 + s 22;n2 )~, 
where s1
2 and n1 are the variance and number of observations related to 
the first mean, and s2
2 and n2 are the variance and number of observa-
tions related to the second mean (21). The t value obtained was tested 
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against t• 
The values t 1 and t2 are Student•s t values for the first and second 
means with n1 - 1 and n2 - 2 degrees of freedom respectively. Significant 
values of less than or equal to 0.05 are reported. 
53 
RESULTS AND DISCUSSION 
Inheritance of Tryptophan 
The mean, standard deviation, midparent value, and direction of 
dominance, mean- midparent value, are presented for each population in 
Table 7. In genera·!, the direction of dominance terms are negative, even 
though none of the population means were significantly different from 
their midparent value. This suggests that gene action is primarily addi-
tive, however, partial dominance for low tryptophan content may be present. 
Analysis of means 
The analysis of variance table for plot means of each parental and F1 
populations is presented in Table 8. The interaction term in this anal-
ysis tests for a departure from additive gene action. Nonsignificant 
values for this interaction suggest that the effects of dominance or non-
allelic genes are negligible. If no maternal effects are present, the 
11 Male 11 and 11 Female 11 factors should have the same variation. Although the 
mean square for females is larger than that for males, a test for homo-
geneity of variance (21) showed no significant difference (F = 4.23, p > 
0.10). A more precise test for reciprocal differences may be achieved by 
testing the difference between reciprocal population means by t-tests. 
Results of these tests are presented in Table 9. No significant reciprocal 
differences were noted. The data suggest that the maternal parent did 
not significantly influence tryptophan content. 
The presence of heterosis may be determined by comparing parental 
population means with F1 population means (21). The data suggest that 
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Table 7, Mean, standard deviation, midparent value, and direction of 
dominance for the tryptophan content of dialle1 parents and F1 progeny used in this study 
Direction of 
Mean Standard Midparent dominance 
Cross n (X) deviation (mp) (X-mp) 
P. I. 151026 X p. I. 150126 2 8.29 2.30 
P. I. 151026 X P. I. 200940 20 8.36 3.21 9.21 -0.85 
p. I. 151026 X p. I. 169815 11 7.86 2.76 10.67 -2.81 
p. I. 151026 X P. I. 282108 16 8.73 3.35 9.38 -0.65 
p. I. 200940 X p. I. 151026 18 8.81 5.34 9.21 -0.40 
p. I. 200940 X P. I. 200940 15 10.12 4.05 
P. I. 200940 X p. I. 169815 26 8.57 3.51 11.58 -3.01 
p. I. 200940 X P. I. 282108 19 9.90 5.37 10.29 -0.39 
p. I. 169815 X P. I. 151026 14 8.95 2.70 10.67 -1.72 
p. I. 169815 X P. I. 200940 25 10.83 4.84 11.58 -0.75 
p. I. 169815 X P. I. 169815 22 13.04 5.59 
P. I. 169815 X p. I. 282108 19 10.42 6.33 11.75 -r. 3:3 
P. I. 282108 X p. I. 151026 19 9.66 4. 53 9.38 0.29 
p. I. 282108 X P. I. 200940 11 8.36 2.97 10.29 -0.85 
p. I. 282108 X P. I. 169815 19 10.28 4.68 11.75 -1.47 
p. I. 282108 X P. I. 282108 16 10.46 4.60 
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Table 8. Analysis of variance of diallel means for tryptophan content 
Degrees of Mean 
Source freedom square F 
Replications 3 8.32 1.12 
Female parents 3 21.12 2.85** 
Ma 1 e parents 3 4.99 0.67 
Female*Male 9 4.:85 0.65 
Error 40 7.40 
Total 58 a 
aDegrees of freedom reduced from 63 to 58 due to missing data. 
**significant at the 1 percent level. 
Table 9. T-tests for maternal influence 
Cross Value Probabi 1 i ty of a oft 1 arger \Ia 1 ue of t 
p. I. 151026 X P. I. 200940 
vrs 0.23 >0.50 
P. I. 200940 X P. I. 151026 
P. I. 151026 X P. I. 169815 
vrs 0.57 ?>0.50 
p. I. 169815 X P. I. 151026 
p. I. 151026 X P. I. 282108 
vrs 0.46 >0.50 
P. I. 282108 X P. I. 151026 
P. I. 200940 X p. I. 169815 
vrs 1.18 0.25 
P. I. 169815 X P. I. 200940 
p. I. 200940 X P. I. 282108 
vrs 0.80 0.43 
p. I. 282108 X P. I. 200940 
P. I. 169815 X P. I. 282108 
vrs 0.08 >0.50 
p. I. 282108 X P. I. 169815 
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F1 population means were not significantly different from parental popu-
lation means (F = 0.16~ p > 0.10). These results suggest that, in these 
populations~ no heterosis for tryptophan content was present. 
Since no significant reciprocal effects were found, the data were 
pooled to form a half diallel. wr' vr' vp, and vr components were calcu-
1 a ted (Table 10) and corrected for· nonheri table components (Table 11). 
Corrections for nonheritable components were determined as follows (14). 
Since each VP value is composed of four means~ the nonheritable component 
of VP is (1/4)Ve. For the array variance, Vr~ 3/4 of the observations are 
based on eight means, pooled data, and 1/4 are based on four means. The 
nonheritable component of Vr is then [(3/4)(1/8) + (l/4)(1/4)]Ve. Three 
of the four cross products required to estimate Wr are not subject to non-
heritable components. However, the fourth cross product does have a non-
heritable component. This cross product is the square of a parental mean 
which is composed of four values. The nonheritable component of W is r 
[{l/4)(1/4)]Ve. Each array mean is based on four data cells, three of 
\vhi ch are the mean of eight va 1 ues and one of which is the mean of four 
va 1 ues. The array mean is therefore the mean of 24 observations used 
once and four observations used twice, or [(24)(1) + (4)(2)] = 32 ob-
servations. However, observations used twice are subject to (2) 2 or four 
times the environmental variance. The nonheritable component of the array 
mean is then [{24)(1) + (4)(4)] = 40 times the error variance. Therefore, 
the nonheritable component of the variance of array means, Vr' is 
[40/(32) 2]Ve. 
Table 10. Diallel means for tryptophan content with array means, Wr' Vr' Vp' and Vy;a 
Parent Array 
p. I. 151026 P.I. 200940 P.I. 169815 p. I. 282108 mean wr vr 
P.I. 151026 8.29 8. 57 8.47 9.24 8.64 0.11 0.17 
P.I. 200940 10.12 9.68 8.77 9.29 0.76 0.54 
Parent 
p. I. 169815 13.04 10.35 10.39 3.75 3.74 
P.I. 282108 10.46 9.71 1.00 0.69 
Total 38.03 5.62 5.14 
01 
Mean 9.51 1.41 1.29 -.....J 
a vP = 3.83; vy; = o._54. 
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Table 11. Components of variation and genetic expectations for tryptophan 
content in dry beans 
Component Non-
Expecta tiona of variation Total heritablea Genetic 
vP 3.83 1.85 1.98 Dp DP =[4 uvd
2J = 1.98 
wr 1.41 0.46 0.95 ~D Dw=4[uvd(d+v-uh)] = 1. 90 w 
0.25 kD -2 v- 0.54 0.29 Dr=4[uv(d+v-uh) ] = 1.00 r 4 r 
vr 1.29 1.20 0.09 ~(DR+HR) 2 2 2 HR=16[u v h ] = -0.67 
ve 7.40 
a From f·'la ther and Jinks (15). 
Examination of the expectations in Table 11 provides information on 
the presence of dominance. If allele frequencies were equal or dominance 
was absent, DP, Dw, and DR should be equal. However, these terms are not 
equal. Therefore, dominance must be present and allele frequencies un-
equal. For the relationship DR<Dw<DP to occur, Mather and Jinks (13) sug-
gest that dominant alleles must be more common than the recessives. 
The regression of Wr on Vr is shown in Figure 5. The point closest 
to the origin on this graph, P.I. 151026, is the parental line which con-
tains the largest number of dominant genes. P.I. 169815, farthest from 
the origin, contains the fewest dominant genes. A limiting parabola was 
determined by the relationship W .2 = (V 
1
.)(VP). Regression theory sug-~, r 
gests that completely recessive parents lie on the regression line where 
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the parabola intersects the line farthest from the origin. Completely 
dominant parents are found on the opposite end of the regression lfne. 
The slope of the regression line is 0.97 (p = 0.005) which is not signifi-
cantly different from a slope of one. The standard error of the estimate 
was calculated to be 0.07. The highly significant regression slope sug-
gests that nonallelic gene interactions are absent while both additive 
and dominance effects are present. 
The value of Wr+Vr for each parental line can be compared with the 
mean tryptophan content of each parental line (Table 12). A significant 
correlation (r=0.95, p=0.05) was obtained. Large values of Wr and Vr 
are associated with few dominant genes. Therefore, these data suggest 
that genes which decrease tryptophan content are usually dominant. Those 
which increase tryptophan content are usually recessive. 
Table 12. Values of Wr + Vr and mean tryptophan content for the four 
parents used in this study. 
Parental Tryptophan content 
line l~r + vr (mg/gm flour) 
P. I. 151026 0.28 8.3 
p. I. 200940 1.30 10.1 
p. I. 169815 7.49 13.0 
p. I. 282108 1.69 10.5 
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Figure 5. Regression of Wr on Vr for tryptophan content 
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Narrow sense heritability can be estimated from the expectations pro-
" 2 A A A 
vided in Table 11 as hn = ~DR/(~DR+Ve) = 0.0635 or 6.35 percent. Since 
HR was negative, the dominance component of genetic variance could not be 
estimated, and a broad sense heritability estimate could not be produced. 
Analysis of individual plant data 
An analysis of variance table based on a fixed model using individual 
plant data from F1 and reciprocal F1 plots is given in Table 13. Since no 
significant reciprocal differences were found, general and specific combin-
ing ability estimates were calculated from pooled data (Tables 14 and 15). 
Table 13. Analysis of variance of individual plant data for tryptophan 
content 
Expectationsa 
Degrees of Mean Random Fixed 
freedom square model model 
Replications 3 4.34 2 K 2 F 2 aw + aRF + aR a! + FKQ>R 
Cross 11 16.48 2 2 2 aw + KaRF + RaF 
2 
aw + RKQ>F 
Cross*Replication 31 23.52 2 + 2 a! + K<PRF aw KaRF 
Error 170 19.04 2 2 aw aw 
Totalc 215 
aFrom Becker (2), where: 
R = number of replications = 4; 
F =number of F1's = 12; 
K = average numoer of full sibs within a plot= 4.52. 
bBased on a fixed model. 
cDegrees of freedom reduced from 383 to 215 due to missing data. 
Fb 
0.23 
0.87 
1. 24 
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Table 14. General combining ability for tryptophan content 
Plant Introduction 
1 ine 
151026 
200940 
169815 
282108 
a 2 
ag; = 0.20. 
General combining 
ability (g; }a 
-0.63 
-0.26 
0.48 
0.41 
Table 15. Specific combining ability for tryptophan content 
Plant Introduction 
number 
151026 
200940 
169815 
282108 
a 2 as .. = -0.03. 
lJ 
Specific combining ability (S .. )a 
lJ 
200940 
0.28 
169815 
-0.56 
0.28 
282108 
0.28 
-0.56 
0.28 
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Heritability estimates may also be produced from individual plant 
data if a random model is assumed (Table 16). Estimates of a~ca' a~ca' and 
thei'r respective standard error·s are presented in Table 17. The data sug-
gest that the dominance variance must approach zero, since the estimated 
a~ca is negative. Since a~ca could not be estimated, a broad sense heri-
tability estimate could not be calculated from this analysis. However,, 
the equation 2cr~ca/(2cr~ca +a;) may provide a narrow sense heritability 
estimate of 0.57 percent. 
Table 16. Analysis of variance for general and specific combining ability, 
random model assumed 
Degrees of Mean 
Expectationa Source freedom square 
GCA 3 0. 58 2 2 + 2 + 2 n(aw + KaRF) asca (p-2)agca 
SCA 2 0.47 2 2 + .2 n(aw + KaRF) asca 
Error 21 0.65 2 2 n(aw + KaRF) 
aFrom Becker (2), where: 
n = 1/RK; 
R =number of replications= 4; 
K = average number of plants for each pooled F1 = 9.04; 
p = number of parental lines = 4. 
F 
0.89 
0. 72 
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Table 17. Estimation of q~ca and cr~ca 
Variance 
component 
Estimated 
value 
Mean square (GCA) - mean square (SCA) 
p-2 
Mean square (SCA) -mean square (error) = -0.18 
Analysis of F2 data 
Standard 
error 
0.25 
0.59 
Two F2 populations and backcross populations in all combinations were 
created by intercrossing P.r. 200940 and P.r. 282108. Frequency distribu-
tions, means, and standard deviations for these populations are listed in 
Table 18. Mean tryptophan contents of these populations were compared 
using t-tests (Table 19). Based on 1978 data, the tryptophan content of 
P.I. 200940, 6.6 mg/gm flour, was less than half that of P.r. 282108, 13.9 
mg/gm flour. It was hoped that populations created from these lines would 
provide information on segregation of tryptophan content from a cross of 
lines with low and high tryptophan contents. However, in 1979, the mean 
tryptophan contents of P.r. 200940 and P.I. 282108 were 10.12 mg/gm and 
10.46 mg/gm respectively. Mean tryptophan content for the two parents was 
not significantly different at the five percent level (Table 19). F1 means 
were 9.90 mg/gm for the cross of P.r. 282108 x P.I. 200940 and 8.36 mg/gm 
for the cross of P.I. 282108 x P.r. 200940. These means are not signifi-
cantly different from each other or from either parent when tested by t-
tests at the five percent level. 
Table 18. Frequency distribution for tryptophan content in percent 
Upper class limits (mg/gm flour) Standard 
Population n 3.8 6.8 9.8 12.8 15.8 18.8 21.8 24.8 27.8 30.8 Mean deviation 
P.I. 200940 (p2) 15 27 27 20 20 0 7 10.12 4.05 
P.I. 282108 {p4) 16 38 6 25 19 6 6 10.46 4.60 
(p2xp4) F 1 19 32 26 32 0 0 0 10 9.90 5.33 
(p4xp2) F1 11 36 45 9 9 8.36 2.97 
(p2xp4) F2 149 37 33 16 5 5 2 1 1 1 8.87 4.42 
(p4xp2) F2 181 1 34 27 16 10 6 2 2 1 1 9.71 4.87 
p2 x (p2xp4) BC 8 38 25 13 13 0 13 9.64 5.06 
0"1 
01 
p2 X (p4xp2) BC 6 17 50 17 0 17 9.38 4.36 
p4 x {p2xp4) BC 17 41 12 18 18 12 9.56 4.19 
p4 x (p4xp2) BC 12 8 33 25 17 17 11.52 3.07 
(p2xp4) x p2 BC 5 20 40 20 0 0 20 10.49 5.80 
(p4xp2) x p2 BC 11 64 36 6.54 1.54 
(p2xp4) x p4 BC 6 33 33 33 8.44 2.32 
(p4xp2) x p4 BC 9 11 33 0 11 33 0 11 13.31 6.44 
Table 19. T-tests for differences in tryptophan content for populations involving P.I. 200940 and 
P.I. 282108 
Value Probability of a 
Populations compared of t larger value oft 
P.I. 200940 and P.I. 282108 0.22 >0.50 
P.I. 200940 and F1(P.I. 200940 x P.I. 282108) 0.14 >0.50 
P.I. 200940 and F1(P.I. 282108 x P.I. 200940) 1. 28 0.23 
P.I. 282108 and F1(P.I. 200940 x P.I. 282108) 0.33 >0.50 
P.I. 282108 and F1(P.I. 282108 x P.I. 200940) 1.44 0.18 
F1(P.I. 200940 x P.I. 282108) and F1(P.I. 282108 x P.I. 200940) 1.01 0.33 
F2(P.I. 200940 x P.l. 282108) and F2(P.I. 282108 x P.I. 200940) 1.64 0.10 
P.I. 200940 and F2(P.I. 200940 x P.I. 282108) 1.13 0.28 
P.I. 200940 and F2(P.I. 282108 x P.I. 200940) 0.37 >0.50 
P.I. 282108 and F2(P.I. 200940 x P.I. 282108) 1.33 0.21 
P.I. 282108 and F2(P.I. 282108 x P.I. 200940) 0.63 >0.50 
O'l 
O'l 
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The means of the two F2 populations (8.87 mg/gm and 9.71 mg/gm) were 
not significantly different. This suggests that there were no significant 
cytoplasmic effects. In addition, although the means of the F2 popula-
tions \~ere smaller than the means of the parental populations, they were 
not significantly different at the five percent level. F2 data were pooled 
for further analysis. Within the pooled F2 population, transgressive 
segregation occurred. Three and a third percent of the pooled F2 popula-
tions possessed tryptophan contents which exceeded the highest parental 
value. Six tenths of one percent possessed tryptophan contents lower than 
the lowest parental value. 
F2 and parental data may be used to obtain an additional heritability 
estimate. Broad sense heritability,hb2' equals 100[(a~2 }-(ap1 )(ap2 )J/a~2 
(13). These variances can be obtained from Table 7, giving hb2 = 14.68 
percent. 
Discussion 
The analysis of means and the analysis of individual plant data pro-
vide considerable information regarding the inheritance of tryptophan con-
tent. No significant reciprocal differences in tryptophan content were 
found. This is useful to a breeder, since it suggests that reciprocal 
crosses between two lines are not necessary for determining what there-
sult of a cross will be. 
Gene action appears to be predominantly additive with partial domi-
nance for low tryptophan. In Table 7, the direction of dominance term was 
generally negative, but none of the population means were significantly 
different from the midparent value. An analysis of variance of male and 
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female lines (Table 8) failed to show a significant male by female inter-
action. This suggests that effects due to dominance are not significant. 
In addition, estimation of components of variation (Tables 11 and 16) re-
vea 1 ed negative components for HR, the dominance component of genetic 
variation in the analysis of means, and o~ca' the variance term containing 
the dominance component of genetic variation in the analysis of individual 
plant data. By definition, a variance must be positive, so the dominance 
variance is assumed to approach zero. However, the terms Dp, Ow, and DR 
(Table 11) were not equal. This suggests that dominance is present and 
allelic frequencies are unequal. It appears that dominance is present, 
but the environmental variance encountered in this study was too great to 
permit an estimation of this variance. 
Regression analysis of Wr on Vr revealed that genes for low trypto-
phan tend to be dominant, while genes for high tryptophan tend to be re-
cessive. Although this would make selection difficult in heterozygous 
lines, selection in advanced generations for homozygous lines would be 
facilitated. Here, direct selection for lines high in tryptophan content 
can be made. 
Analysis of individual plant data provides estimates of the general 
and specific combining abilities of each line and cross (Tables 14 and 15). 
The values obtained can be interpreted as follows. The overall mean for 
tryptophan content {x) for individual F1 plants was 9.36 mg/gm flour. The 
mean for any cross (parent i and j) is predicted as follows: 
x .. = x + g. + g. + s .. , lJ 1 J lJ 
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where gi and gj are the general combining abilities of the two lines, and 
sij is a statistical residual, or specific combining ability (.20). P.I. 
151026 and P. I. 200940 can be expected to reduce the overall mean. In 
contrast, P. I. 169815 and P. I. 282108 can be expected to increase the 
overall mean. Specific combinations of these lines, such as the cross 
P.I. 200940 x P.I. 282108, should produce a decrease in tryptophan content 
relative to the overall mean. For example, a cross including P.I. 200940 
and P.I. 282108 will have the following result: 
= 9.36 + (-0.26) + (0.41) + (-0.56) 
= 8.95 mg/gm flour. 
The actual mean for cro·sses of these two 1 ines can be compared wi:th the 
predicted value using a x2 test. A calculated value of 0.14 was obtained. 
The probability of a larger value of x2 is between 0.50 and 0.75 •. This 
suggests that there is close agreement between observed and predicted 
tryptophan values. 
Heritability estimates for tryptophan content were very low. A 
heritability estimate of 6.35 percent was obtained from the analysis 
of plot means, and an estimate of 0.57 percent was obtained from the indi-
vidual plant data. Using these heritability estimates, the response to 
selection, R, can be determined (6). The response to selection represents 
the difference between the mean of the original population and the mean 
of the selected population. The response to selection is determined by 
the relationship 
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R = (h 2)(i)(o) n p 
where 
h 2 
n is the narrow sense heritability, 
i is the selection intensity, and 
op is the phenotypic standard deviation. 
When five percent of the original population is saved, the selection in-
tensity, i, is equal to 2.0627. When one percent is saved, i = 2.6652 (7). 
Table 20 provides a comparison of R values for both heritability estimates. 
It is evident that increasing tryptophan content would be a slow process, 
even at high selection intensities. 
Table 20. Response to selection for tryptophan content 
Narrow sense Response to selection, 
heritability 0 i (mg/gm flour) 
6.35% 2.81 2.0627 0.37 
6.35% 2.81 2.6652 0.48 
0. 57% 4.38 2.0627 0.05 
0.57% 4.38 2.6652 0.07 
It should be noted that many difficulties arise in the estimation of 
heritabilities. Heritabilities are variance ratios, and, thus, may be 
subject to considerable error. In addition, certain model assumptions 
must be met for analysis of variance components to predict additive and 
dominance variance. Both the analysis of plot means and the analysis of 
individual plant data assume a random model, that is, random selection of 
R 
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parental lines (2, 14). In addition, the Mather and Jinks diallel anal-
ysis assumes that there is no epistasis (14). Regression of Wr on Vr 
values shows that the second assumption is valid for this experiment. How-
ever, the first assumption, random selection of parental lines, was not 
met, causing the validity of heritability estimates to be in question. 
The estimates do provide an indi:ation that the amount of environmental 
variation is large compared with the amount of additive and dominance 
variance. Therefore, it is reasonable to conclude that progress due to 
selection for high tryptophan content will be very slow. 
Inheritance of Yield 
The mean, standard deviation, midparent value, and direction of domi-
nance, mean - midparent value, and presented for parental and F1 popula-
tions in Table 21. In general, the direction of dominance terms are posi-
tive. However, only two show significant differences between the popula-
tion mean and the midparent value. This suggests that partial dominance 
for high yield may be present. 
Analysis of means 
An analysis of variance using plot means for each parental and F1 
population is presented in Table 22. The absence of a significant inter-
action suggests that neither dominance or epistasis had a significant ef-
fect on yield. The mean squares for the 11 t4ale 11 and 11 Female 11 factors were 
not significantly different (F = 1.36, p > 0.10). The results of t-tests 
between means of reciprocal crosses are presented in Table 23. No sig-
nificant reciprocal differences were noted. These data suggest that 
maternal effects were not significant. 
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Table 21. Mean, standard deviation, midparent value, and di.rection of 
dominance for yield of dia11e1 parents and F1 progeny used in this study 
Di recti.on of 
Cross n Mean Standard Midparent dominance 
(x) deviation (mp) (x- mp) 
P. I. 151026 X p. I. 151026 2 0.60 0.85 
p. I. 151026 X P. I. 200940 20 21.95 20.24 6.12 15.83 
P. I. 151026 X P. I. 169815 11 54.38 50.39 25.93 28.45* 
P. I. 151026 X p. I. 282108 16 40.85 36.40 9.56 31. 29* 
P. I. 200940 X P. I. 151026 18 20.15 22.62 6.12 14.09 
P. I. 200940 X P. I. 200940 15 11.63 15.30 
p. I. 200940 X p. I. 169815 26 44.52 28.41 31.44 13.08 
p. I. 200940 X P. I. 282108 19 32.50 26.15 15.07 17.43 
P. I. 169815 X p. I. 151026 14 46.74 31.08 25.93 20.81 
p. I. 169815 X P. I. 200940 25 47.58 37.70 31.44 16.14 
P. I. 169815 X P. I. 169815 22 51.25 26.92 
p. I. 169815 X P. l. 282108 19 34,22 24.91 34.88 -0.66 
p. I. 282108 X P. I. 151026 19 18.64 19.13 9.56 9.08 
p. I. 282108 X P. I. 200940 11 19.46 25.02 15.07 4.39 
p. I. 282108 X P. I. 169815 19 27.46 25.43 34.88 -7.39 
P. I. 282108 X p. I. 282108 16 18.51 20.16 
*Significant at the 5 percent level. 
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Table 22. Analysis of variance of diallel means for yield 
Degrees of Mean 
Source freedom square 
Replications 3 894.55 
Fema 1 e parents 3 1647,39 
Male parents 3 1213.86 
Female*male 9 372.27 
Error 40 421.81 
Total 58 a 
aDegrees of freedom reduced from 63 to 58 due to missing data. 
* Significant at the 5 percent level. 
Table 23. T-tests for maternal influence 
F 
2.12 
3.91* 
2.88* 
0.88 
Cross Value of t 
Probability of a 
larger value of t 
p. I. 151026 x P. I. 200940 
vrs. 0.12 >0.50 
P. I. 200940 x P. I. 151026 
p. I. 151026 X P. I. 169815 
vrs. 0.53 >0.50 
p. I. 169815 X P. I. 151026 
p. I. 151026 X P. I. 282108 
vrs. 1.53 0.17 
P. I. 282108 X P. I. 151026 
p. I. 200940 X P. I. 169815 
vrs. 0.21 >0.50 
p. I. 169815 X P. I. 200940 
p. I. 200940 X P. I. 282108 
vrs. 0.90 0.32 
p. I. 282108 X p. I. 200940 
p. I. 169815 X p.!. 282108 
vrs 0.46 >0.50 
p. I. 282108 x P.l. 169815 
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The magnitude of heterosis may be determined by a comparison of 
parental means for yield with F1 means for yield. F1 means were not sig-
nificantly different from those of the parents (F = 0.33, p > 0.10). The 
data suggest no heterosis for yield exists in these populations when grown 
under our environment. 
Since reciprocal F1 differences were not significant, the data were 
pooled to form a half diallel. wr, vr, vp, and vr components were calcu-
lated (Table 24) and corrected for nonheritable components (Table 25) (14}. 
The regression of Wr on Vr values is shown in Figure 6. The point 
closest to the origin is the parental line which contains the greatest 
number of dominant genes, P.I. 282108. P.I. 151026 is farthest from the 
origin and contains the smallest number of dominant genes. The limiting 
parabola for yield is also shown. Parents carrying only recessive alleles 
for yield would lie on the regression line where it intersects the parabola 
farthest from the origin. Parents carrying only dominant alleles for yield 
would lie on the regression line where it intersects the parabola closest 
to the origin. The slope of the regression line, b = 1.10 (p = 0.03), is 
not significantly different from one. The standard error of the estimate 
is 0.19. The significant regression suggests that there are both additive 
and dominance effects. Nonallelic gene interactions are absent. 
The value of Wr + Vr for each parental array can be compared with the 
mean for yield for each parent (Table 26). The regression of W + V on r r 
mean parental yield (Figure 7) suggests that the value of W + V is re-r r 
lated to the yield of the parent. A correlation of -0.73, p = 0.27, was 
obtained. In general, the alleles which increase yield are dominant and 
those which decrease yield are recessive. It should be noted that P.I. 
Table 24. Diallel means for yield with array means, Wr' Vr' Vp and Vr a 
Parent 
p. I. 151026 
P.I. 200940 
Polo 169815 
Po I o 282108 
Parent 
Array 
· P. I. 151026 P 0 I. 200940 P 0 I. 169815 Po I. 282100 I mean wr vr 
Oo60 21 . .10 
11.63 
50ol0 
46o02 
5lo25 
28o79 
27 o72 
30o86 
l8o 51 
Total 
25o15 428ol5 418o631 
26o62 279.06 210o91 
44o56 
26o47 
36o59 
31.19 
88.42 
29o86 
122.80 774o99 747o82 
Mean I 30.70 193o75 186o96 
a vp = 474o74; vr = 85o81. 
...... 
U1 
Table 25. Components of variation and genetic expectations for yield in dry beans 
Component of 
Nonheri tabl ea variation Total Genetic ----- Expectationa -----
vP 474.74 105.45 369.29 DP DP = 4[uvd
2J = 369.29 
wr 193.75 26.36 160.60 ~w Ow = 4[uvd(d+v-uh)] = 321.20 
v-r 85.81 16.48 69.33 ~DR DR= 4[uv(d+v-uh) 2] = 277.32 
vr 186.96 65.91 121.05 ~(DR+HR) HR = 16[u2v2h2] = 206.88 
ve 421.81 
--
aFrom f•1ather and Jinks {15). 
-......! 
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~-P.I. 169815 
_...,__P.I. 28210 
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Figure 6. Regression of Wr on Vr for yield 
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Table 26. Values of Wr + Vr and mean yield for the four parents used in 
this study 
Parenta 1 
wr + vr Mean line yield 
P. I. 151026 846.78 0.60 
P. I. 200940 489.97 11.63 
p. I. 169815 125.01 51.25 
p. I. 282108 61.05 18.51 
169815 does not appear to follow this trend. Omitting P.I. 169815 from 
the correlation produced a correlation coefficient of -0.98, p = 0.12. The 
regression of Wr + Vr on mean yield without P.I. 169815 is also shown in 
Figure 7. The difference between P.I. 169815 and the other three parents 
suggests that not all alleles for high yield are dominant. 
Both yield and tryptophan content produced similar relationships be-
tween DR, Dw, and DP (Table 25). These d~ta suggest that dominant alleles 
for high yield are present and more common than recessive alleles. 
Heritability for yield may be estimated using the expectations pro-
vided in Table 25. Narrow sense heritability may be estimated as: 
hn2 = (~DR)(100)/(~R + ~HR + Ve) = 23 percent. 
Broad sense heritability may be estimated as: 
Analysis of individual plant data 
An analysis of variance using a fixed model for individual plant data 
of F1•s and reciprocal F1•s is given in Table 27. Since reciprocal 
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---- Wr + Vr vs. Yield using 
four P.l. lines 
Wr + Vr vs. Yield 
P.l. 169815 omitted 
30 40 50 
Yield (gm/plant) 
Figure 7. Regression of Wr + Vr on mean parental yield 
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Table 27. Analysis of variance of individual plant data for yield 
Degrees of Mean Expectationsa 
Source freedom square Random model 
Replications 3 2355.53 2 2 2 crw + KcrRF + FoR 
Cross 11 2583.71 2 2 2 crw + KcrRF + RKcrF 
Cross*replications 31 1922.18 2 2 crw + KcrRF 
Error 170 643.51 2 crw 
Totalc 215 
aFrom Becker (2), where: 
R =number of replications= 4; 
F =number of F1's = 12; 
Fixed model 
2 
crw + FK<PR 
2 
crw + RK<PF 
2 + crw K<PRF 
2 
crw 
K = average number of full sibs within a plot = 4.52. 
bBased on a fixed model. 
cDegrees of freedom reduced from 383 to 215 due to missing data. 
*significant at the 5 percent level. 
**significant at the 1 percent level. 
Fb 
3.66* 
4.02** 
2.99** 
differences between F1 populations were not significant, data were pooled 
for calculations of general and specific combining ability (Tables 28 and 
29). 
If a random model is assumed, heritability estimates can be calculated 
from individual plant data. An analysis of variance using a random model 
is provided in Table 30. Estimates for cr~ca and cr~ca and their associated 
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Table 28. General combining ability for yield 
Plant Introduction 
1 i ne 
a 2 
a = 6.68. 
9; 
p. I. 151026 
P.I. 200940 
p. I. 169815 
p. I. 282108 
General combining 
abi1 i ty (gi )a 
-1.15 
-3.73 
12.34 
-7.46 
Table 29. Specific combining ability for yield 
Plant Introduction 
number 
151026 
200940 
169815 
282108 
a 2 as .. = 41.11. 
lJ 
a Specific combining ability (Sij) 
200940 169815 282108 
-8.12 4.81 
3.31 
3.31 
4.81 
-8.12 
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standard errors are presented in Table 31. Both narrow and broad sense 
heritabilities may be estimated from these expectations as follows: 
A 2 ( A2 )( ) ( A2 A2 A2) hn = 2crgca 100 I 2agca + crsca + crw = 11 percent 
hb 
2 
= (2&~ca + a~ca ){100)/ (.2&~ca + a~ca + a;} = 13 percent. 
Table 30. Analysis of variance for general and specific combining ability, 
random model assumed 
Degrees of Mean 
Expectationa Source freedom square F 
GCA 3 148.83 ( 2 + Ka2 ) + 2 + n °w RF 0 sca 
2 
{p-2)crgca 2.80 
SCA 2 66.66 2 2 + 2 1. 25 n(crw + KcrRF) 0 sca 
Error 21 53.16 2 2 n{crw + KcrRF) 
aFrom Becker (2}, where: 
n = 1/RK; 
R =number of replications= 4; 
K = average number of plants for each pooled F1 = 9.04; p = number of parental lines= 4. 
Table 31. Estimation of cr~ca and cr~ca 
Variance 
component 
Estimated Standard 
value error 
Mean square (GCA) - f'1ean sguare (SCA) = 41 •09 p-2 ~52.64 
Mean square (.SCA) - Mean square (error) = 13.50 48.97 
83 
Analysis of F2 data 
The yields from two F2 and backcross populations created by crossing 
P.I. 200940 x P.I. 282108 were examined. Frequency distributions, means, 
and standard deviations for these populations are provided in Table 32. 
Mean yields of these populations were compared using t-tests (Table 33). 
The mean yields for P.I. 200940 (11.63 gm/plant) and for P.I. 282108 (18.51 
gm/plant) were not significantly different from each other. However, the 
mean of P.I. 200940 was significantly lower than the mean of the F1 of P.I. 
200940 x P.I. 282108 (32.50 gm/plant). The mean of P.I. 200940 was not 
significantly different from the F1 of P.I. 282108 x P.I. 200940 (19.46 
gm/plant). The mean yield of P.I. 282108 was not significantly different 
from the mean yield of either F1. 
The mean yields of the two F2 populations, 16.03 gm/plant and 23.06 
gm/plant, were significantly different (Table 33). The mean yield of P.I. 
200940 (11.63 gm/plant) was significantly lower than the F2 of P.I. 282108 
x P.I. 200940 (23.06 gm/plant). The mean of P.I. 200940 was not signifi-
cantly different from the F2 of P.I. 200940 x P.I. 282108 (16.03 gm/plant). 
These results suggest maternal influence in the inheritance of yield for 
these populations. However, the mean yield of P. I. 282108 (18.51 gm/plant) 
was not significantly different from the mean yield of either F2 popula-
tion. 
Transgressive segregation occurred in both F2 populations. Using com-
bined F2 data, 1.8 percent of the population was found to out-yield the 
highest parental yield. None of the F2 segregants produced yields lower 
than the lowest parental yield. 
Table 32. Frequency distribution for yield in percent 
Upper class 1 imi ts {gm/pl ant) ---
Standard 
Population n 9.4 21 .. 4 33.4 45.4 57.4 69.4 81.4 93.4 105.4 117.4 Mean deviation 
P.I. 200940 (p
2
) 15 73 7 0 13 7 11.63 15.30 
P.I. 282108 {p
4
) 16 44 25 19 0 0 13 18.51 20.16 
(p2xp4) F1 19 21 16 42 5 5 0 5 5 32.50 26.15 
(p4 X p2) F1 11 45 27 9 9 0 0 0 9 19.46 25.02 
(p2xp4) F2 149 50 20 14 7 5 3 0 1 16.03 17.55 
(p4 X p2) F2 181 38 19 12 15 8 6 2 1 23.06 21.16 
p2 x (p2 xp4 ) BC 8 50 0 13 0 13 25 27.76 27.75 00 ..j::>o 
p2 X (p4 
x p2) BC 6 83 0 0 17 9. 70 13.31 
p4 X {p2
x p4 ) BC 17 18 24 24 12 12 0 0 0 6 6 32.91 30.14 
P 4 X { p If X p 2) BC 12 33 25 8 8 17 8 25.01 22.41 
{p2 xp4
)xp
2 
BC 5 40 40 20 15.86 16.80 
{p4 X p2
) x p
2 
BC 11 73 18 0 9 8.90 12.57 
(p2 xp4
)xp
4 
BC 6 67 0 17 0 0 17 31.04 22.31 
( p 4 X p 2) X p 4 BC 9 22 22 11 33 0 11 26.88 21.32 
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Table 33. T-tests for differences in yield means for popu1ations involv-
ing P.I. 200940 and P.l. 282108 
Populations 
compared 
P.I. 200940 and P.r. 282108 
P.I. 200940 and F1(P.I. 200940 x P.I. 282108) 
P.I. 200940 and F1(P.I. 282108 x P.I. 200940) 
P.I. 282108 and F1(P.I. 200940 x P.I. 282108) 
P.I. 282108 and F1(P.I. 282108 x P.I. 200940) 
F2(P.I. 200940 x P.I. 282108) and 
F2(P.I. 282108 x P.I. 200940) 
P.I. 200940 and F2(P.I. 200940 x P.I. 282108) 
P.I. 200940 and F2(P.I. 282108 x P.I. 200940) 
P.I. 282108 and F2(P.I. 200940 x P.I. 282108) 
P.I. 282108 and F2{P.I. 282108 x P.I. 200940) 
Value 
of t 
1.07 
2.91 
0.92 
1. 79 
0.10 
3.32 
1.05 
2.12 
0.47 
0.86 
Probabi 1 ity of a 
larger value of t 
0.30 
0.01 
0.37 
0.09 
>0.50 
<0. 01 
0.31 
<0.01 
>0.50 
0.40 
F2 and parental data can be used to produce another estimate of heri-
tability (13). Broad sense heritability may be calculated as: 
Discussion 
Much information regarding the inheritance of yield in beans can be 
derived from these analyses. No significant reciprocal yield differences 
were found in the analysis of F1 means. However, in the analysis of F2 
data, a significant difference in F2 means was found. This suggests that, 
for this population, maternal influence may be present. 
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Gene action appears to be primarily additive with partial dominance 
for high yield. The analysis of plot means suggests that no significant 
interaction was present. In contrast, the direction of dominance terms 
in Table 21 were in general positive, with two F1 means significantly 
greater than the midparent value. This suggests that partial dominance for 
high yield may be present. In addition, the components of variation in 
Table 25 are unequal. This indicates that dominance is present and that 
allele frequencies are unequal. A positive value for HR, the dominance 
variance, was obtained. In the analysis of individual plant data, a posi-
tive value for cr~ca (Table 31}, estimating the dominance variance, was 
obtained. It appears that dominance is present, but that the environmental 
variance encountered in this study was too great to allow accurate estima-
tion of the dominance variance. 
The regression of Wr on Vr (Figure 6) and the correlation of Wr + Vr 
values with parental yield (Table 26) suggests that, in general, alleles 
which increase yield are dominant. However, P.I. 169815 appears to be an 
exception. Since alleles which increase yield are dominant, some low 
yielding lines may be discarded in early generations of selection programs. 
Analyses of individual plant data provide estimates of general and 
specific combining abilities for yield (Tables 28 and 29). The overall 
mean yield (x) was 34.32 gm/plant for individual F1 plants. The mean for 
any cross between parent i and parent j can be predicted as follows: 
Xij = X+ gi + 9j + Sij' 
where gi and gj are the general combining abilities of the ith and jth 
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line, and sij is the specific combining ability (20). In gener·al, P.I. 
151026, P.I. 200940, and P.I. 282108 decrease the mean yield. P.I. 169815 
increases mean yield. Specific combining abilities suggest that crosses 
between P.I. 151026 and P.I 200940, and P.I. 169815 and P.I. 282108 will 
produce reduced yields per plant. Crosses between other parental lines 
used in this study will increase yield. 
Narrow sense heritability estimates for yield ranged from 11 percent 
to 23 percent depending on whether plot means or individual data were 
used. These estimates are similar to those found by others. Coyne (4) 
obtained a narrow sense heritability estimate of 9 percent and a broad 
sense heritability estimate of 11 percent. Sarafi et al. (18) found a 
broad sense heritability estimate of 48 percent. Most of these estimates 
are low, suggesting that the environment plays a large part in determining 
yield. 
Using the narrow sense heritability estimates obtained from plot means 
and from individual plant data, the response to selection, R, can be de-
termined (6). The response to selection is determined by the relationship 
R = (hn 2)(i )(op) 
where 
h 2 is the narrow sense heritability, n 
i is the selection intensity, and 
op is the phenotypic standard deviation. 
When five percent of the original population is saved, the selection inten-
sity, i, is equal to 2.0627. When one percent is saved, i=2.6652 (7). Table 
34 provides a comparison of R values for both heritability estimates. 
Fairly rapid advances can be obtained in yield per plant. 
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Table 34. Response to selection for yield 
Narrow sense 
heri tabi 1 i ty 
11% 
11% 
23% 
23% 
i Response to selection, q (gm/plant) p 
27.19 2.0627 6.17 
27.19 2.6652 7.97 
24.74 2.0627 11 . .74 
24.74 2.6652 15.17 
Tryptophan and Yield arxl Their Relationship 
to Four Visible Traits 
An F2 population of the cross P.I. 200940 x P.I. 282108 was examined 
to determine if mean yield or mean tryptophan content differ when the F2 
population is sorted by visible characteristics. Significant differences 
might suggest that visible traits could be used as genetic markers to help 
in selecting lines high in either tryptophan content or yield. Tryptophan 
and yield were significantly correlated (r = 0.13, p = 0.05). This sug-
gests that it might be possible to select lines with high yield and high 
tryptophan content simultaneously. 
Four visible characteristics were examined to determine if these 
traits could be used to aid in selection for high tryptophan content and 
high yield. These visible traits were cotyledon color, flower color, pod 
color, and plant habit. Three cotyledon colors were observed. These were 
green cotyledons, cotyledons with red flecks, and cotyledons with purple 
flecks. Two flower colors were observed, violet and white. Two pod types 
R 
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were observed, completely green pods and pods with purple pigmentation. 
Two plant habits were observed, vine and semivine. 
For each cotyledon color population within the F2 population, mean 
tryptophan content and mean yield per plant is shown in Table 35. T-tests 
between mean tryptophan differences revealed that the presence of red or 
purple cotyledon pigmentation was not associated with tryptophan content 
higher than for green cotyledons. Cotyledon color was also not related to 
yield. 
Table 35. Relationship between tryptophan content or yield and cotyledon 
color in the pooled F2 population 
Cotyledon Number of Mean tryptophan Mean yield 
color observations content (mg/gm flour) (gm/plant) 
Green 64 8.5 ± 3.96 21.0 ± 19.00 
Purple 216 9.6 ± 4.85 20.7 ± 19.97 
Red 23 10.5 ± 5.51 21.2 ± 24.14 
For each flower color population within the F2 population, mean tryp-
tophan content and mean yield are shown in Table 36. Mean tryptophan con-
tent and mean yield for each pod color population within the F2 population 
are shown in Table 37. T-test results demonstrate that there was no rela-
tionship between flower color or pod color and either tryptophan content 
or yield per plant. 
Mean tryptophan content and mean yield for each plant habit popula-
tion within the F2 population are shown in Table 38. No relationship 
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Table 36. Relationship between tryptophan content or yield and flower 
color in the pooled F2 population 
Flower 
color 
White 
Violet 
Number of 
observations 
86 
217 
Mean tryptophan 
content (_mg/gm flour} 
9.0 ± 4.48 
9.6 ± 4.85 
Mean yield 
(_gm/p 1 ant} 
20.7 ± 20.1 
20.9 ± 20.1 
Table 37. Relationship between tryptophan content or yield and pod color 
in the pooled F2 population 
Pod 
color 
Green 
Purple 
Number of 
observations 
86 
217 
r~ean tryptophan 
content (mg/gm flour) 
9.1 ± 4.48 
9.6 ± 4.85 
~1ean yield 
(gm/plant) 
20.9 ± 20.2 
20.8 ± 20.0 
Table 38. Relationship between tryptophan content or yield and plant habit 
in the pooled F2 population 
Plant 
habit 
Vine 
Semi vine 
Number of 
observations 
269 
34 
r~ean tryptophan 
content (mg/gm flour) 
9.4 ± 4.74 
10.0 ± 4.80 
Mean yield 
(gm/pl ant) 
22,4 ± 20.4 
8.3 ± 11.1 
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between plant habit and tryptophan content was noted. However, vi.ne 
segregants significantly out-yielded semivine types. 
These data suggest that none of the four visible characteristics will 
be useful in selecting for high tryptophan content. In contrast, vine 
segregants were found to significantly out-yield semivine types. It should 
be noted, however, that Westermann and Crothers (22} found that vine segre-
gants had higher yields in spaced plantings than at higher planting densi-
ties. Bush segregants showed no increase in yield. It is possible that 
some of the yield differences in this study were due to the fact that the 
plants were spaced one plant per foot. The relationship may not be as 
pronounced at higher planting densities. 
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SUMMARY AND CONCLUSIONS 
The results of this study provide infonnation on the i nh.eritance of 
tryptophan content and yield in beans. For tryptophan; 
1) No maternal influence was observed in the analysis of dia11el data. 
2) Since the regression of Wr on Vr had a slope that was not significantly 
different from one, nonallelic gene interactions were not present. 
Therefore, the additive-dominance model was adequate. 
3) Alleles for increased tryptophan content tend to be recessive. Those 
for decreased tryptophan content tend to be dominant. This suggests 
that it should be possible to select directly for homozygous recessive 
lines which are high in tryptophan content. 
4) Heritability estimates were low (0.57-6.35 percent). This suggests 
that the environment has a great deal of influence on the amount of 
tryptophan contained in dry beans. In addition, response to selection 
was low, suggesting that increasing tryptophan content through selec-
tion will be a slow process. 
5) T1·ansgressive segregation was observed in F 2 populations. Approxi-
mately three percent of the segregating plants possess tryptophan 
contents greater than either parent. It may be possible to cross two 
high tryptophan lines and obtain F2 segregants higher than either 
parent. 
For yield: 
1) No maternal influence was observed in the analysis of diallel data. 
2) Since the regression of Wr on Vr had a slope that was not significantly 
different from one, nonallelic gene interactions were not present and 
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genes were independently distributed among parents. Therefore, the 
additive-dominance model was again adequate .. 
3) Alleles which increase yield tend to be dominant. Thos.e which decrease 
yield tend to be recessive. However, not all lines follow this trend. 
4) Narrow sense heritability estimates range from 11 to 23 percent. Al-
though a large amount of environmental variation was present, response 
to selection was high. This suggests that increasing yield through 
selection is a realistic goal. 
5) Transgressive segregation occurred in the F2 population. Approximately 
1.8 percent of the F2 population out-yielded either parent. It may be 
possible to cross two high yielding lines and obtain F2 segregants 
which out-yield either parent. 
Combined traits: 
1) Tryptophan content and yield per plant were not significantly corre-
lated. Simultaneous selection for lines with high tryptophan content 
and yield should be possible. 
2) None of the four visible traits examined showed any relationship to 
tryptophan content. These traits apparently would be of no value in 
selecting for high tryptophan content. 
3) Vine segregants were found to significantly out-yield semivine types. 
None of the other visible traits we\~e significantly related to yield. 
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APPENDIX A: 
TRYPTOPHAN CONTENT AND YIELD FOR PLANT INTRODUCTION 
LINES SCREENED IN 1978 
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PLAhT TRVPTCPHAN CONTENT 
Ir-.TFCGCuCTILN CAYS TO YIELD UNCORRECTED CORI(ECTED 
LINE tiAR"EST GIUP&..Af\.T MG/G~ MG/G~ 
1C<iSe1 90 2.43 a.12 6.47 
tt33c7 sa 3a.42 10.01 a.o2 
136678 102 7.10 7.77 6.19 
1366aO 102 11.18 c;.40 7.52 
136ef1 90 o.6a 10.25 8.21 
1:3tfS5 102 8e51 10.45 8.38 
136690 90 o.<;4 1 2· 46 ' 10.02 
13t.t<;.3 102 9e22 a.oo 6.37 
1366Ci6 95 17.41 6e<i8 5.54 
1:36700 90 1e83 13.55 10.91 
1:3670.3 102 c.oo 10.94 8.78 
1.36710 90 4.37 10.20 8.18 
1.36714 90 1.43 9.73 7.79 
136723 90 2.57 7.12 5.65 
1~6726 90 .3.31 10e4.3 8.36 
126733 90 3.08 9.79 7.83 
136735 90 3.64 ae65 6.90 
1.36744 90 1.12 15.09 1.2.16 
136750 as 2.83 7e26 5.77 
140303 c;c 1.15 14.00 11.27 
142css 102 2e83 8.67 6.92 
142SS 1 109 25.59 7.25 5.76 
142903 114 4.88 Sel6 6e51 
1415755 102 .3.35 l0e25 8.21 
1467€ 7 90 .3.80 12.62 10.15 
1467S3 90 .3.94 9.00 7 e19 
147401 CiO 2.37 12.52 10.07 
teo4ot 114 4.35 10.07 a.o7 
1!:0409 10-C: 3.60 10.34 8.28 
151026 102 4.17 8.94 7.15 
1S10f2 90 4.39 6.21 ~.91 
151414 90 2.34 10.33 8.2a 
155213 c;o e.46 6e31 4.99 
161952 102 4.76 9.51 7.61 
1625f 5 102 6.20 11.95 9.60 
1f3119 95 9.40 7.40 5e89 
lf355f 115 11.52 7.29 5.8o 
1f3577 115 8.56 11.47 ~.21 
lf40S6 90 18.34 9.04 7.22 
164306 109 a.o3 10.59 8.49 
1c4746 102 3.15 11.40 9.15 
lf4S<;7 ll4 26.84 7.67 6el0 
u: 4930 109 e.zo 11e85 9.52 
lf5068 102 .l4e4a e.26 6.59 
155948 123 3e90 12.5.2 10.07 
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PLANT TRYPTOPHAN CONTENT 
If\TRGDUCTION DA'tS TO YIELD UNCORRECTED CORRECT Eo":; 
LINE HAtii\IEST Gt-1/PLAf\T MG/GM MG/GM 
lf6144 1.()2 ~.95 10.1' Sell 
tc6145 114 4.87 6·25 4.94 
tc7t04 115 ~~ .69 13.79 llelO 
lc7107 ':10 2.06 11.05 8.86 
tcs122 115 6.05 15.13 12.20 
16S726 102 4.18 11.57 9.2<;1 
1697.32 90 3.27 7e60 6.05 
tc974C 115 19.18 11.42 s-.17 
169748 109 22.15 12.15 9.77 
1697!:3 ll5 16.15 8.63 6.89 
169757 1!5 9.69 16.38 13.22 
tc97c3 115 22.84 15.17 12.23 
169767 115 9.08 10.49 8.41 
169779 102 11.98 9.76 7.81 
169783 123 3t.70 12.97 10.44 
tcS78c 115 11.57 7e42 5.90 
lt:97S2 90 1.40 6.74 5.34 
lf9 7S 8 114 12.54 15.45 12.46 
1 fS eO c .115 1.80 13.14 10.57 
169E15 114 5.69 16.98 13.71 
16S823 114 9.78 16.03 12.94 
169€27 114 3.58 8.64 6.90 
16<; 8.3 3 114 18.17 12.13 9.75 
tc9t:4S 102 6.3(: 7.43 5.911. 
tc'i£50 102 8.24 7. 76 6.18 
1f9854 1~9 20.91 13.76 11.08 
l6986f. 114 7.88 9e22 1.37 
169871 114 10 .. 17 8.92 7.13 
169€75 112 8.38 5e23 4e1l 
lcSEEc 118 37.06 10.12 8.11 
lt:SES6 115 11.73 14.03 11.30 
169S01 11:5 s.oo Se6l 6.87 
1c9S04 109 42.90 7.86 6.26 
1t:<i~07 126 24.89 11.16 8.95 
lc9SCE 115 t0.35 9el0 7.32 
169911 li5 18.83 6.33 5.01 
169916 115 21 .<.15 11.57 9.29 
\fSS2c 115 15.21 8.68 6.93 
171740 91 3.10 14.50 11.69 
171743 115 10.99 Se75 6.99 
171747 115 4.::.01 8.78 7.02 
171755 126 lle81 11.04 8.86 
17l762 102 4.23 12.58 10.1~ 
171774 140 7.86 10.62 8.52 
1711E5 115 33.82 13.95 11 •. 24 
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PLA"T TRYPTOPHAN CONTENT 
I!I.TROOUCTION DAYS TO Y.IELO lJt.ICORRECTEO CORRECTED 
LINE H..A"VEST GM/PLA"T NG/GM Mu/GM 
1717SS 114 ~.23 Ce66 6e9l 
171794 ':11 2.02 11.49 9.22 
1 717S 7 140 12.20 Ce70 6.95 
172018 S1 1.22 ~.to 7.28 
1720.20 91 2.58 7.84 6.24 
172027 114 7e'i6 10.43 6.36 
173018 1CS 14.56 7.49 5.95 
173041 114 7.51 8e14 6.49 
173042 89 4.t:6 7.77 6.19 
173047 102 1.33 7.10 5e64 
173761 ~8 15.23 7e25 5.76 
173765 115 11.91 7.54 6.00 
1 74~ 14 102 5.47 12.58 10.11 
174318 98 29.58 '.ie92 7.94 
174900 150 o.oo 11.76 9.45 
1749C8 91 1.41 11.76 9.44 
1749~4 96 18.48 c;.ao 7.84 
175258 10~ 15.31 ~-~8 7.99 
175263 91 2e66 ~.69 7.75 
17526€ 102 4.27 .t2.38 9.95 
17':.271 102 1.01 10.11 8.10 
175278 126 lO.Sc 16.00 12.91 
t75cl7 102 3.95 6e38 s.os 
175819 102 s.oo .7.t:5 6.09 
1 7':. 823 121 30.49 8e37 6.68 
17Sf27 91 1ef4 8.66 6e91 
1 75.C3 7 91 fe39 13.71 11.04 
17584.3 1 U:i 20.83 15.93 12.86 
175851 114 1o.oo 11· 57 9.29 
t75ct3 102 13.16 14.13 11.38 
175f68 91 9.91 10.30 8.26 
175S73 l.l4 5.27 6e45 5e10 
176t:83 102 3.78 10.71 8.59 
176684 90 1e22 1.21 5.78 
1766S t: 146 o.oo l2e90 10e38 
176694 102 8.89 12.86 10.35 
1766S8 114 2.72 a. to 6.46 
1767C1 ~1 2.50 8e60 6.87 
'17ta7(;5 118 29. 1 <; 1o.8o 8e66 
17671C 126 11.78 12· 51 10.06 
17671.3 ~8 11.20 7.75 6.17 
1767.15 115 10.74 8e78 7.01 
17.703 c 115 1SeS6 c;.a4 7.88 
1·77 C35 150 .c.oo 11.68 9.38 
177 042 10~ 7el2 12.99 10.45 
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PLAI'IoT TRYPTOPHAN CONTE"T 
I" TFCOOUCT H.iN CA'YS TC YIELD UNCORRECTED CORRECTEC 
LlNE ~A~ \tEST G~/PLA"T MG/GM MG/GM 
177044 118 3.46 8.94 7.14 
177C50 150 o.oo <;. 26 7.41 
t777cC 102 ..3.12 12.80 10 • .30 
l777t.l 102 c.04 10e62 a.st 
1 78SS 7 sa 22.2.3 14.07 11 .. 34 
17899'i 115 29.89 17.11 t3.82 
l79CC5 115 15.60 15.86 12.79 
179010 102 14.08 6.77 5 • .37 
179015 126 11.76 11.40 9.15 
179400 115 18.38 10.93 de77 
179415 115 7.91 13.91 11 • .21 
1 ?941 7 95 5.40 10.56 8.46 
179423 102 9e0l 7.78 6.19 
179425 114 18.86 12.45 lu.Ol 
179426 93 8.19 6.«;4 5e51 
179430 114 5.52 1. 4:3 5.91 
179436 109 Se45 9.06 7.24 
179441 102 24.80 'ii·94 7.96 
1799c5 102 6.55 9.95 7.97 
1 8 0..31 c; 145 o.oo 'ii.8..3 7.87 
180740 91 1.06 to. 26 8.22 
18a752 91 2.64 7.56 6.02 
lf0755 90 2.48 1..3.13 10.57 
te11a2 98 13.22 7e33 5.83 
1817£:7 114 1S.83 8e96 7.16 
181794 145 o.oo 12.43 9 .. 99 
1818S2 104 12.82 a. to 6.46 
181S17 90 5.48 7.89 6.29 
181918 102 10.84 8.37 6.67 
18195 .J 102 3 • .32 S.28 7.42 
181954 91 7.28 8.59 6.86 
18200 0 140 7.89 12.44 10.00 
182272 Hl2 10.95 12.76 10.27 
1834f5 115 16.08 8.28 6.61 
t837Cc 102 26.74 9.41 7.53 
18::71C lOS 6.09 8.67 6.92 
184126 S1 2.57 8e38 6.68 
lf:47S3 91 10.51 12.68 10.20 
1fc493 sa 9.95 11.31 9.08 
1864~7 104 14e6S 7.66 6.10 
1€6~0:3 104 7.01 14.39 11.59 
189011 126 <;.89 13.28 10.69 
1€940 8 102 2.97 12.14 9.76 
1S0072 126 :.41 16.70 13.4a 
1S0077 123 6.85 9.69 7.75 
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PLANT TRYPTOPHAN <:ON TENT 
Il\TRCDUCTIGN CA't'S TO YIELD UNCG~RECTED CORRECTED 
LINE H.AWvEST Gfoi/PLAl\T MG./GM MG/GM 
1q3570 140 6.91 10.86 8.71 
1<;3575 l2t; 5.12 20.00 16.18 
1~3826 91 22.30 Sell 6.46 
1~3E.3.3 150 o.oo 8e33 6.64 
1<;4186 <.H ~.<J3 10.59 8.49 
194~17 102 7.01 11.86 9.53 
194.J: 22 102 2.84 s.8o 7.84 
l'i4..323 91 1· 51 8.27 6.60 
l'i4.335 J.C2 14.6.3 10.50 8.42 
19457E 14 7 o.oo 10.45 8 • .38 
194=83 102 7.55 8.19 6.53 
195014 114 t:.a6 8.20 6.5.3 
195357 109 22.10 8el4 6.49 
1953c4 114 7.67 14.44 11.6.3 
1953c 1 140 0.40 8.91 7.12 
195394 140 0.71 8.os Oe4l 
19:401 140 ::.oc; 14.07 11 • .34 
195<.26 102 s.53 11.03 8.as 
lc;6034 126 tle.31 10.40 8.34 
t<;c4c4 115 19.43 11.06 8.87 
196469 115 ll.S 1 1C.97 a.8o 
1Sc93c 91 9.76 9.8o 7.84 
1 c; 7 O.J 1 91 5.65 13.5.3 10.89 
1<;70..38 140 7.29 1letl1 s.32 
197224 <i1 3.05 c;.a5 7.88 
1'i7690 126 9.12 12.98 10.45 
1S7'i67 91 7.43 11.78 9.46 
1';18030 126 3 • .38 8.27 6.60 
19903 7 91 4.48 11. 15 8.'94 
1S9038 91 1.28 7e8l 6 • .<:.2 
199041 92 5.41 6.'99 5.55 
199047 <H 0.79 9.20 7.36 
199048 102 4 .o6 7e85 6.25 
2C0'!#40 95 6.53 8e25 1:;.58 
20095S Sl s.so 14. 7~ 11.93 
2COS67 90 8.34 8. 04 6.40 
200979 114 10.50 12.47 10.0.3 
2013!:1 147 o.oo 9.59 7.68 
2C1484 146 c .co 9.14 7 • .31 
201495 95 2.3.82 l5e24 12.29 
2ClS41 150 o.oo 12.79 10.29 
20314i 126 17.58 c;.c;7 7.98 
2C.392E 102 17.60 13.8.3 11e14 
20392S 140 9.5.3 11.19 8.98 
204723 114 12.12 10.93 8.77 
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PLANT TRYPTOPHAN CONTENT 
ll\TRCOUCTIC!I; DAVS TO 'YIELD l.NCORRECTED CORRECTEC 
LINE H.tR\ItST GM/PLAI\T MG/GJ4 MG/GM 
205208 lOS 10.39 <;.25 7 • .39 
20521.3 102 7.3£:i <;.68 7.74 
2053C:2 140 Oe22 12.13 9.75 
2C6002 sa f..70 9.16 1 • .32 
206003 91 0.75 1J.e04 8e86 
206971 102 3 • .37 7 • .35 5.84 
2C6S77 109 16.00 9.34 7.47 
207130 123 12.54 s.o6 6e42 
20713€ 114 5.38 17.58 14.21 
2C7139 114 10.08 10.85 8e7l 
207146 114 2.93 11. 5o '9e28 
207149 90 2.54 9.38 7.50 
207159 115 11.4'9 12.07 9.70 
207191 102 fe40 11.90 9.56 
2C71Sf. 95 10.09 7. 71 6.13 
207422€ 91 8e4c 7.94 6.33 
2C1233 ll5 12.37 7el4 5.67 
201277 126 6.83 9.00 7 e19 
207283 140 4.28 15.94 12.86 
2C7300 91 3.35 9.94 7.S6 
207370 91 2.61 12.61 10el5 
207409 102 4.09 6e65 5.27 
207423 126 6 •. ~3 7.97 6.35 
207441 115 5.46 6.97 5e53 
207507 115 11.26 16.51 13.32 
208774 94 c;.oo 7.66 6.09 
2094(:5 102 5.71 9e18 7.34 
209469 ll4 10.61 11.82 9.49 
209473 95 s.c5 10.94 8.77 
2C94SO 140 6.61 a. 36 tie67 
209486 115 15.31 8.95 7.15 
2C9489 140 10.11 11.06 a.8s 
2C94SS 115 10.60 10.35 8.30 
2C962l 90 1.01 6.67 5e29 
209802 102 1.70 10.87 8.72 
2C9805 114 5e29 8el3 6.48 
209812 102 1.22 11.89 9.55 
209814 102 5.45 7.32 5e82 
2C9Sl7 10Z 5.37 11.97 9.62 
212022 8c; 0.81 1le44 9e18 
212110 140 12.81 9.06 7.24 
212910 126 3.07 12.26 9.85 
214339 140 10.51 10.20 8.17 
215717 l15 1f..43 10.55 8e46 
21€040 126 9.04 c;.oo 7.19 
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PLANT TRYPiOPHAN CONTENT 
11\TRCDUCT.iGI\ CA'W'S TG YlELD UN.CORRECTED CORRE<.TEG 
LINE HAR\IEST GM/PLAI\T MG/GM MG/GM 
217959 140 c.oo 10.60 8.50 
f19702 g 1 2.79 1.3.43 10.81 
222818 0 8.38 8e10 6.46 
223005 140 7.42 12.7.3 10.24 
224735 126 7.16 14.31 11.53 
224 74 3 91 8.40 8el7 6.52 
22c47~ 102 12.3.3 9 • .36 7.49 
226477 1C9 12.29 l!:ie72 12.69 
226523 102 1.07 10.49 8.41 
22f559 102 4.58 16.32 1.3.17 
226t;cO 114 8.53 9.09 7.26 
2268!:9 114 7.25 10.43 8e36 
226E6 7 114 3.09 12.92 10.40 
226€75 114 1.71 10ec5 8.54 
226f77 90 2.75 c. 59 5.23 
226ff7 114 8.84 10.87 8.72 
226891 145 o.oo 11.73 9.42 
2268S6 109 2.92 18.50 14.96 
226'i02 'H 9.88 9.72 7.78 
22c9C4 102 1.25 7.98 6.36 
226911 115 4.43 6.07 4.80 
226933 95 2.12 Sel6 6.51 
226S36 115 J.ss 14.04 11 • .31 
229!:37 95 .:;1.91 9 .. 75 7.80 
229 711 92 le53 10.79 8e66 
229770 115 1.3.5.3 7.34 5.83 
229812 <.iS 10.41 6.16 4.87 
22981t: 91 0.4.3 10.72 8.60 
22S 82 1 102 1::! • .39 8.19 6e53 
2.::20'74 91 2e90 12.53 10.07 
2.342Ec 102 : • .35 15.82 12.76 
247bS8 91 3e70 14.41 11 .61 
2501t5 126 20.19 9.34 7.47 
2!:1048 126 19.83 ~.33 7.46 
255570 95 ~.9c 1.34· 6.24 
2!:6424 140 7.77 1..3.34 l0e74 
26216 5 91 ~.54 10.14 8.13 
2~ 300 3 lO"i 2.10 11.81 9.49 
2f4240 91 Oe5l 9. 18 7.34 
2t.47E7 91 c.3"i 13.43 10.81 
269210 114 0.29 12.80 10 • ..30 
2c9323 90 1.74 6.61 5.24 
269~25 114 2.67 17.37 14.03 
2t:9532 145 o.co l2e56 10.10 
26953E 137 5.86 6.40 5.06 
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PLAI\T TRYPTOPHAN CONTENT 
I 1\ H<COUCT ILI'Io CAVS TO YIELD UNCORRECTED CORRECTED 
LINE HAR~E.~T GN./PLAJ\T MG/GM M~/GM 
271~02 10.1 12.60 10.46 8.39 
271SSS 112 5.33 12·36 9.95 
272004 91 3.82 a.s3 7.05 
276327 101 5.05 8.53 6.81 
278666 91 9.17 8.13 6.48 
278672 <H 2.52 10.00 s.ot 
278t75 109 10.87 Se77 7.82 
278680 101 8.~s 7.28 5.79 
27E6€5 91 1.57 Se72 7.78 
281556 112 1.3.02 1.3.73 lle06 
2815S 7 102 3.32 9.12 7.29 
281711 91 t.Si 18.62 15.05 
2€lS76 104 S.75 a.9s 7.18 
281S81 147 o.oo 13.8b 11.18 
2E1988 150 o.oo 11.39 9.15 
282000 91 .3.40 7.57 6.02 
282003 150 o.oo 10.53 8-.44 
282007 .113 2.92 8.47 6.76 
28202<;; 12 .l 3.50 14.27 11.50 
282066 137 1e94 12.41 9.98 
28206<; U.2 21.74 15.99 1.2.91 
282072 137 .3.13 8a52 6.80 
282015 112 10.83 7.61 6.06 
28208<; 101 5.10 s.54 7.63 
28210 a 137 6.45 17.22 13.91 
282693 Sl 7.0.1 8.45 6.74 
28470.3 91 .J.S6 12.61 10.14 
2E5t94 112 9.95 1 3. 7c;; 11 • 11 
28 5 70 c 91 4.5e 8.28 6.60 
2fc428 91 5.01 13.20 10.62 
268014 95 8.01 11.09 8.90 
2€8018 91 9.93 10.40 8.33 
2aae:o4 113 1 c. 52 l0e07 a.o7 
2C:S~.J S 113 4. 72 14. 17 11.42 
2€9341 113 10.63 12.80 10.29 
289342 113 11.54 9.64 7.72 
289348 91 1.62 12.9.3 10.40 
289.351 140 1.48 1.3. 30 10.71 
28'.13!:4 114 4 • .32 J.le29 9.06 
289357 114 l.<.i6 8.83 7.05 
2893e4 91 2.ec 11·64 9.35 
2€:9382 112 7.99 9e55 7.64 
2893-c:l (l 101 4 • ..36 10e92 8.76 
289400 91 :.22 12.27 s..a6 
289404 101 4.82 8.24 6.57 
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PL. ANT TRYPTOPHAN CONTENT 
I!I..Tt(OCUCTIG!I.. CAYS TO YIEL.O UNCOHRECTED CORRECTED 
LINE HAR\IEST G~.IPLAJI..T ~G/GM NG/GM 
28940<; 112 s.1s 6.52 s.t6 
289413 13'7 1.09 9.36 7.49 
289421 lC 1 4et16 <;.21 1.37 
289424 'iS 3el6 10.64 8e5.3 
2€94..31 91 4.27 16.44 1.3.21 
2€94::6 89 4.03 11.21 8.99 
289445 112 '7.82 11.'99 9e63 
289450 91 3.41 8.25 6.58 
289453 102 7.77 8.89 7 .. 10 
289457 91 6elc .11.46 9.20 
289461 102 ::.78 7.63 6.07 
289466 101 12.38 10.94 8.78 
289471 104 6.45 10 • .39 8.33 
2895~1 113 3.41 11.76 9.45 
291367 113 3.31 13.73 11.05 
2913'70 113 7.50 10.03 8.03 
2964184 ll.J 5.89 9.93 7.95 
297078 11 .. 3.92 8.49 6.77 
2S7288 <;1 5.15 8.83 7.06 
2C:9110 112 3.~2 7.47 5.94 
299022 101 5.67 s.64 7.71 
300655 126 11.54 17.69 14.29 
30 Q(; 59 126 c;.85 15.79 12.74 
.30066 5 91 2.90 11.68 9.38 
300672 91 Ci.l5 10.71 8.59 
300(;~1 101 1le67 9.78 7.83 
3C2397 91 Ci.Ob 14.12 11.38 
302f31 91 2·71 7.18 5.71 
302536 91 2.35 7.86 6.26 
302f39 91 5.45 9e26 7.41 
304113 112 6.57 11.05 8.&7 
304116 112 20.34 12.19 9.80 
30411<i 137 4.47 s.2o 6.53 
304813 118 6e6c 8e9l 7.12 
304817 Cil 4ec2 7. 04 5.59 
.304819 91 leSS 6e34 Se02 
30482..] 112 12.42 9.13 7.29 
-304829 91 4.20 6.79 5.38 
304834 147 o.oo 16.41 13.25 
30614<; 126 8.74 9e22 7.37 
30E1f4 121 21.92 e.a5 1.01 
30t.lt:2 112 3.97 16.22 13.09 
..306168 98 8.27 11.58 9e30 
3074(;1 91 10.16 l'-•S4 11.72 
301'-t5 lOCi 39.21 c;.o9 7.26 
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PLA~T ThYPTuPHAN CONTENT 
I"TRGOUCTION DAYS TO Y IH.D lJNCCRRECTED CORRECTED 
LINE HAS:CVEST G~/PLA"T MG/GM M.;;/GM 
3077!: 1 95 16.9c 13.1..3 10.57 
307758 112 5.38 17.68 14-.28 
.301iE5 112 11.05 9.a2 7.86 
307773 91 4 .. 71 10.53 8.44 
~C7783 121 ~.21 10.02 8.03 
3077(:. 7 137 8.99 10.73 8.61 
307794 112 19.88 14.91 12.02 
3C7ECE 101 8.38 13.11 10.55 
307813 95 s.58 7.28 5.79 
307823 137 14.53 16.95 13.o9 
.308891 91 7.38 11.34 9 ·1 0 
308894 104 7.25 lle03 8.85 
30E897 137 12.62 6.34 5.02 
3C8908 147 o.oc 9.94 7.96 
3C<;709 9 1 3 .. 93 15.21 12.26 
309718 150 o.oo 9.75 7.80 
~0<;74~ 91 2.27 15.81 12.75 
309747 .1.21 1r;.37 7.75 6.17 
309748 91 2.24 10.61 8.51 
3097£0 121 12.97 7.50 5.97 
3C977c 91 4..93 12.70 10.22 
3097€3 126 11.21 9.90 7.93 
309801 137 13 •. ~5 12· 7.3 10.24 
309825 1.37 0.59 1.ss 6.28 
JCS834 146 o.oo 1le13 8.93 
3C9841 91 9.19 7.07 5.61 
.JC'iie58 137 9.67 7.75 o.17 
.3098E 1 137 4.20 13.21 10.63 
3098£5 137 14.18 8.26 6.59 
JCSS£€ 1.37 7.91 10.29 8.25 
309873 102 5.63 12.92 10.40 
30SE79 150 o.oo 8.15 6.50 
3CSE83 121 6.f2 9e50 7.60 
:!10450 150 o.oo 9.10 1.26 
310456 91 5.14 Oel5 4.86 
:: 105 L3 91 8.45 Se82 7.86 
310516 121 11.34 10.46 8 • ..38 
2 10521 121 11.16 17.45 14.09 
310~30 121 8.56 9.11 1.28 
:: 10!:.34 112 5.69 7. -,1 6.19 
310545 112 !::."93 10.53 8.44 
.310551 112 9.48 1.70 6 .1.3 
..JlOt5c 101 14eZ2 12.78 10.28 
~ 10562 112 28.13 9e50 7.60 
.::1osct 112 16e7S 14.84 11 .. 96 
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PLANT TRYPTOPHAN CONTENT 
I" TRCCvCTWN iJAVS TO YIELD uNCORRECTED CORRECTEC 
LilliE l-IAR VEST uM/PLAflt.T MG/Gt4 M•:i/GM 
310571 137 5.82 <;.49 7.60 
~10584 137 8.54 <;.47 7.58 
.::lOSe<; 112 12.9.J 7.6.3 6.07 
~10~94 137 4.67 a.8o 7.02 
310610 137 3.77 11.68 9.38 
~ 10~ 14 1.37 2.:31 c;.ot 7.20 
~10t35 11.3 8.S7 12 • .JO 10.70 
.::tOf55 109 7.24 11.36 9.12 
310671 102 7.62 7.76 6.18 
310676 12o s.o6 14.80 lleS3 
.":106€2 121 7.21 14.54 11.72 
310688 114 7.95 12.58 10.11 
~106<;2 112 5.48 12.02 9.66 
~10696 112 7.79 12.04 9.67 
::1 a 100 89 6.24 9.96 7.98 
.:: 1070<; <il 2.82 13.55 1 o .c;a 
310714 140 4.56 13.22 10.64 
3i0717 112 l1e80 10.48 8.40 
310724 101 t2.5c 6.42 s.o8 
~ 1J742 112 18.02 10.68 a.57 
31074<; 137 6.74 <;.50 7.60 
31J756 101 3.65 c;. 06 7.24 
310761 91 4e81 7.71;;; 6.18 
310771 112 Se56 6.87 5.45 
310793 1.37 2.10 11.93 9.59 
310606 91 .16.07 8.23 6.56 
310813 11.3 13.03 11.60 9.31 
310821 102 15.52 11.42 9.17 
310825 121 20.87 12.34 9.92 
3108..:32 113 8.36 Se62 6.88 
310836 113 21.64 a.33 Oe64 
310842 S1 3.81 7.51 5.98 
31084E 112 13.77 14.75 11.89 
310853 95 16.04 9.76 7.81 
.!10E57 101 6.74 15.42 12.43 
310Sf3 101 :.51 14.23 11.46 
..: 1oec1 101 7.17 15.02 12.11 
~10873 101 14.52 12.26 9.86 
310€77 102 11.41 7.27 5.78 
.!10€c2 101 10.43 7.59 6.04 
::tCEf5 137 12.72 10.52 8.44 
~lCSSf 112 16.76 e.5o o.7a 
~10S08 113 8 • .Jo 8.oo 6.93 
·~ 10914 137 6.49 14.84 11.97 
310920 113 9.1Ei 8.17 6e52 
109 
PLANT TRYPTOPHAN CONTENT 
IJI.TRCOUCTICN CAYS TO YIELD UNCORRECTED CORRECTEU 
LINE h,1\k'VEST GM/PLAJI.T M-.i/GM MG/GM 
31178 1 137 8.28 11.08 8.89 
.311784 126 <;.54 'ia 27 7.41 
~l17SE <;5 4.44 8a61 6.87 
.: 11 7S 8 140 o.o6 <; • .37 7.49 
.311805 121 t.60 8.68 6.<;3 
..311811 11.3 6.68 1Se47 14.93 
.3ll817 114 !;.20 11.19 8.98 
..:1182.3 140 18.60 6.97 5.53 
Jllt-..34 112 'ia.ll 8.t1 6.46 
.:11838 112 0.21 11· 34 9.11 
.31185€ 112 6.19 s.a.J 7.06 
.:; llE6 1 137 6a43 11.42 9.17 
.3116.76 137 7.8b 9.90 7.93 
.311E€5 137 3.'94 tc.54 1.3 • .35 
.3 11 893 137 c;;.79 15.9.3 12.85 
.311945 150 o.oo 10.42 8.35 
.3 11 <;6 7 137 7.4<; 15.02 12.11 
3119<;<; 1.37 4.81 7.65 6.09 
312030 1.37 1.3.27 10.63 8.53 
312 04 1 1.3 7 9.10 10.52 8.43 
.312073 113 1<;.10 <;.73 7.79 
3120€7 150 c.oo 9.85 7.88 
.312286 140 12.48 7.82 6.2.3 
.31228<; 118 12.25 10.06 8.06 
..!12295 11.3 5.60 14.97 1.2.07 
.312300 140 2.66 7.62 6e07 
.312306 140 10.7t 16.07 12.97 
.:12.317 112 11.96 7.79 6.21 
.312.325 121 15.41 8.66 6.<;;2 
.312.3.30 140 9.4'9 11.96 9.61 
::12.3.32 137 16.00 17.12 13.82 
.3 12.336 137 13.68 l 0 ·16 8.14 
.312343 137 12.01 lla46 9.20 
.313217 145 o.oo 8e45 6.74 
.3l.::i237 137 20.0<; 8.17 6a5l 
.313242 112 12.22 13.77 11.09 
3 L324C: 102 6.51 17.37 14.03 
J 1.3291 102 6.00 Se77 7.00 
313..337 91 1.82 14.31 11 .. 53 
31:3J4l 140 le53 15.<;8 12.89 
~13424 121 2..3.51 12.06 9e69 
~134-60 149 o.oo 13.08 10.53 
.31.J47c 148 o.oo 1.3.85 llel6 
~1.3514 126 6.67 11.98 9.63 
.31.3520 121 2.33 14.23 11.46 
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PLANT TRYPTOPhAN <.ON TENT 
II'.TRGDUCTlCN DA'tS iO 'tlELD UI\CORRECTED CORRECTE£. 
LINE hllkVEST Gfoi/PLAI\T MG/GM Mv/G114 
313~26 92 2.91 6.84 7.06 
313~74 146 c.oo <;.42 7.54 
31357e 147 o.co 8.99 7.19 
3135~6 109 7.04 e.6o 6.<;3 
313601 147 o.oo 15.91 12.84 
J 13(;05 145 o.oo 11.24 9.03 
313610 145 c.vc 12.ao 10.35 
31361~ 147 o.oo <;;.79 7.84 
313624 147 o.oo 10.91 8.75 
Jl362e 145 o.oo 17.8.3 14e40 
3136.34 118 6.31 10.22 8.19 
J13f45 109 .J. 77 11.12 s.s2 
31.3651 sa 13.4e 8e70 6·95 
313671 118 17.57 8.97 7.16 
313674 146 o.oo 10.27 8.23 
313678 109 3.19 7.38 5.87 
313696 109 1.20 13.19 10.o2 
31370C 89 4.01 6.35 5.02 
313705 89 8.93 13.69 11.03 
.31371.3 145 c.oo 11.4o 9e20 
::13738 147 o.oo 16.63 1.3.43 
313744 147 o.oo 10.13 8.11 
313795 sa 7.66 14.50 1leb9 
313837 109 2.54 6eS8 ~.54 
313646 118 10.80 a.a8 7.10 
3 1..3851 145 o.oo 1c.s2 13.34 
313f.!:4 89 8.04 8.'91 7el2 
313856 89 5e53 11. 7b 9.46 
313864 118 13.47 15e25 12-30 
313f69 98 3.33 12.41 9.98 
313876 'iS 1.1() 7.87 6 ·2 7 
:! 13881 109 8.92 14.34 lle5.6 
21.3St~ ll6 9.40 Oe85 5.43 
:!1.38S3 14 7 o.oo 12.82 10.31 
313ES7 147 a.co 12.75 10.~6 
313940 147 o.oo 9.59 7.68 
314729 145 o.co 14. 2~ 11 .. 52 
316033 Ci4 c.74 8.16 6e51 
316911 147 o.ao 16.68 13.47 
::17C16 109 10.64 Ce35 Se03 
317C17 1 23 5.8<; 7e83 6e24 
317C29 147 o.oo 13.88 ll. 18 
:!19557 145 o.oo l2e37 9e95 
:: 19 5c; 1 89 1.93 9.42 7.53 
.219576 145 o.oo 12.98 10.44 
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PLANT TRYPTOPhAN CONTEt.iT 
IfliTf<CD.JCTIGN CAYS TO YIELD LONCORRECTED CORRECTED 
LINE 1-tAR\/EST Gr.t/PLAI\T MG/GM MG/Gio1 
3l<i5€8 123 2.3.77 12.65 10.17 
3l'i642 147 ,o.oo 6.42 s.o8 
.: l~c44 89 5.52 10.62 a.s2 
31'ic4'i 123 Se44 8.64 6.a9 
.319~55 147 o.oo 7.46 5.94 
.J1<ic7.3 147 o.oo 11.7'0 9.44 
31S6€5 104 14.64 7.18 5.70 
3l'i707 92 c;.e7 7.as 6.25 
320970 a9 12.0<i b.cs 5.27 
~210.35 sa 2.91 7.54 6e00 
32108<i 145 o.oo 1.3.96 11.24 
.3210S4 145 o.oo 20.01 16.19 
32111<; 145 o.oo 12.<i7 10.44 
:32lc3'i 94 10e7a <;.61 7.69 
324541 94 4.€5 10.62 8.51 
324576 89 3.21 'ie32 7.4~ 
3245€5 <i4 6.75 8.47 6.76 
.3245'il sa 9.03 15.57 12.56 
3 245'i 5 98 8.6Ci 11.24 9.02 
324597 sa 8.56 10.06 a.o6 
3246()4 109 5.77 14.41 11.62 
~24610 89 3.92 7.61 o.o6 
324616 88 7.51 6.89 5.47 
.32462 1 147 o.oo 18.56 15.00 
324631 92 2.81 8elo 6e5l 
324638 1C9 a.ot 8.72 6.96 
324c41 d9 6e6<i s.ao 7.65 
324642 as 3.50 9.<;6 7.98 
.324c49 sa e.es 15.11 12 .ta 
.324~ 54 a9 5.39 6.47 5.13 
324c58 89 3.46 a.5a a.a5 
324E64 94 le63 7.29 Se79 
324t;6; 89 4.58 12.<;7 10.44 
3246€2 109 10.50 10.83 8.68 
.3246E7 as; leiS 9.ao 7.85 
J24t:e8 as 0.70 10.35 8.30 
325625 145 a.oo 16.56 13.31 
325704 98 s.79 8.32 6.6.3 
3~5722 89 4.95 12.39 9.96 
325 728 147 o.oo 12.48 10.03 
::!2~'743 9a 16. u: 11.30 9.07 
:!25744 147 o.oo 12.38 9.95 
.::2s1se 109 8e38 12.73 10.24 
3257E4 123 13.21 a.47 6.76 
325772 10 'i S.46 c;.<;1 7.93 
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PLANT TRYPtOPHAN CONTENT 
lf\T~ODUCTlC"' DAYS TG YIELD l.NCORREC TED CORRECTEC 
LlNE h.41-CVEST GMI'PLAf\T MG/GM MG/GM 
3.260<i.2 145 o.oo 15.01 12 ·' 0 
3.26Cti7 123 6.1S <; •. 33 7.46 
32610.2 c;e 5.94 8.1.3 6.48 
3.26107 145 o.oo 10 • .35 8 • .30 
3.26111 145 o.oo 18.03 14.57 
3.2t1Hl 92 4.80 8.66 6eSil 
:3.261.22 145 o.oo 13.12 10.56 
:3.26126 109 7.14 14.56 11.74 
:: .2€.346 145 o.oo 9.29 7.4.3 
J.2t350 109 7.18 15.45 12.46 
3.31357 145 o.oo 11.18 8.98 
.3.3701€ 109 8.92 8.15 o.so 
33 7022 123 .2.45 10.42 8 • .35 
3.::7026 109 0.79 21.31 17.25 
3370S5 89 8.40 7.99 6.37 
337494 89 !:.18 7.31 5e81 
337495 147 o.oo 12.23 9.8.3 
338238 147 o.oo 10.51 8.43 
3.39.34 1 109 18.39 a.a2 7.05 
3.3934t 1C9 13.47 9.73 7.79 
339.351 1C9 6.00 1.3.42 10.80 
339357 98 9.27 8.49 6.77 
3.39364 lOS 4.97 10.51 8.42 
3393tS 109 11.82 <;.89 7.92 
3.39372 94 s.:n 7.21 5.73 
..339377 109 13.17 7.01 5.57 
339381 sa 17.<;7 6.51 5.15 
.JJ93c5 94 11.71 10.53 8.44 
3..393Sc 94 4.61 7.67 6 .to 
339400 SoB 10.70 s.ac 7.90 
3.::9406 94 1.89 a.aa 7.09 
339414 109 7.24 14.97 12.07 
339419 94 1.54 8.94 7.14 
339425 98 3.37 a.4o 6.75 
3.39431 109 o.79 8.83 7.06 
3.394.35 sa 10.45 9.31 7.45 
3~943~ sa 7.73 7.80 6.21 
J~944c 109 5.62 1.3.39 10.78 
339450 109 5.48 11.56 9.28 
..3394~3 104 14.5«: 14.97 12.07 
:!3945S 104 15.58 15.76 12.71 
33'i4C: 5 104 6.88 7.77 Oel8 
.3~9472 109 12.~2 o.44 5.10 
3.3Ci476 109 13.86 a.5t 6.79 
3::9480 104 10.70 8.93 7.14 
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PLANT TRVPTOPHAN CO,...fENT 
If\.Tf.iCOUCTIOI\ DAYS TC 't l El.D UNCORRE<.TED CORRECTEC 
LINE rAte \lEST GM/PLAti.T MG/G+'I MG/GM 
3~941:6 98 2:=.2<;; 7.47 5e94 
339491 lOS 14.20 10.59 8.49 
3394'\16 98 !:.57 7.91 6e30 
339500 sa 10.26 !.0.23 8.20 
3:39506 lO<i 18.71 9.06 7e24 
339511 94 7.63 14.44 11.-64 
339513 94 15.52 8.36 6.68 
33S51S 109 22.80 14.03 11 • .30 
3:::!9531 94 14.29 'ie38 7e5C 
339!:44 109 16.13 10.71 8.59 
3409€5 89 :.oc; 10.46 6.38 
340987 89 0 .1.3 12 .a9 10.37 
.:!418CS 109 Ee79 11· 50 9.23 
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APPENDIX B: 
TRYPTOPHAN CONTENT FOR COt~MERC IAL DRY AND 
SNAP BEAN CULTIVARS GROWN IN 1978 
CULliVAR 
GEJ4 wAX 
SLEI'iOEtHIIH ITE 
MCCI\GCLD 
THCN 
SLIMGREEN 
0\..EEI\E AI\1\E 
HARvEST KING 
ARS-6EP-5 
ASTRO 
MCCI\GOLD 
TCP CROP 
RliFLS 
MICH. IMP. <RANEE~RY 
BLSr BLUE LAKE 274 
MIAMI 
SPECULATO~ 
REC KLOUO 
ELACK TURTLE SGUP 
8ERKEI'i 
CHARLEVOIX 
OLYMPIA 
SAI\lLAC 
CUMBERLAND 
CCtJ.~OOORE IMP. 
U I-111 
MCCASLAr-. 4.2 
REBEL 
MAI'i ITCU 
GCLC CROP 
CASCADE 
M!Ct-:ILITE 
CALtFORNIA ELACK EYE 
BCUI\TlFUL 
COLliMBIA 
MECCSTA 
CHli\ESE SALAD 
u 1- 11 4 
MICHtLlTE +T 
SMiEDlSH Bl;iL\\N 
RCYAL RED 
u 1-34 
STRINGLESS GREEN PCD 
RGZA 
Sl.lTER Pli\K 
SURECROP ST~INGLESS wAX 
115 
HiY;::: TCPhAN CCf'liTENT 
UNCCf<RECTED CORRECT EO 
MG/GM MG/GM 
2.1 1 1.15 
2.20 1.24 
2.15 1.28 
2.5S 1.58 
2.67 1.67 
2.71 1.82 
2.67 1.86 
2.75 1.88 
2.-<;02 1.95 
3.02 2.07 
..::.03 2.16 
3.37 2.22 
3.37 2.23 
3.13 2.24 
3.0!: 2.28 
J.oe 2.30 
3.51 2.42 
3.84 2.50 
3.57 2.52 
3.44 2.56 
3.32 2.65 
3.80 2.71 
3.49 2.74 
4e05 2.88 
3.88 2.92 
4.09 2.98 
3.79 3.10 
4 • .35 .3.42 
4.20 3.43 
4 • .3.2 4.52 
4.44 3.63 
4e5'i 3.65 
4.57 3.70 
5.03 4e04 
4.ec 4.10 
5.21 4e14 
5.oe 4.17 
5.to 4.21 
s.oo 4.30 
5e68 4.59 
5.67 4e64 
5.84 5.01 
6e01i 5.13 
6.2S 5.40 
6.81 5.69 
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H<YFTCPHAN CCNTENT 
Ul'lCCFIRECT£0 CORRECTED 
CULT I VAR MGI'GM MGI'GM 
LAKE SUPE~IC~ 7ell 6.29 
Bl.Sh SLUE LAKE 47 7.04 be35 
NIAGARA 773 7.2~ 6.41 
RCIIA 7.41 6.50 
DEL RAY 7.36 6.51 
GREE,...SLEE\IES 7.47 6.67 
ARS-5B?-7 7.3c 6.73 
CATSKILL 7.4S 6.82 
UI-59 7.57 c..a6 
Gli\A 7.6..3 6.97 
C:::ARLI~AX 8. 1 c;; 7.23 
GREEI\ GENES 8.07 7.38 
GREEN ISLE 8.0.:! 7.40 
GAlCR GREEN 8.14 7.44 
HCI\EY GCLO 7eS6 7.44 
JCI\liS e.2e 7.57 
LAKE GENE \lA 8.32 7.58 
ARS-68P-6 8.30 7.64 
PUREGCLD W.AX 8.56 7.77 
HAf'\IESTER 8e4l 7.78 
GAk8RlELLA 8.62 7.80 
SPRITE 8.55 1.82 
TEMFO s.79 7.89 
I TASCA 8.75 7.95 
dCI\ANZA lA! AX 8.79 7.98 
SAI\ILAC t-T 8.72 a .o3 
i<All\lER 8.s:: 8.12 
SEAFA~ER s.oc 8.21 
GREENPAK 8.90 8.26 
REO KLOUD 9.72 8.91 
Bl.SH SLUE LAKE 290 9.59 9,;04 
ORE IT 10.50 s.12 
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APPENDIX C: 
TRYPTOPHAN CONTENT AND YIELD FOR F1, F2, AND 
BACKCROSS POPULATIONS PRODUCED IN 1979 
TRYPTCPHAN CCr-.TEr-.T 
YIELD UI'IICOFtRECTED CCRRECTED 
PEDIGREE REP PLANT GM/PLANT MG/GM MG/GM 
P(Pale151026 X Pala151026) 2 7 1e20 9.02 6.66 
F 1 (Pal •1 51026 X P.I.20C940) 1 1 57.21 14.61 1 1. 51 
Fl(P.I.l51026 )( P.I.2CC940) l ..3 27.14 17.91 14.60 
Fl(P.I.151026 X P.l.200940} 1 5 55.33 1.0.9<; 8ef:l9 
Fl(P.Iel5102c )( P.I.20C940) 1 6 1.58 5a90 4.53 
Fl(Pelel51026 X P.l.20C940) 2 1 3.35 6.66 5.54 
FlCPal.151026 )I P.I.200940) 2 2 ..3 • .34 15 .1.3 13.16 
Fl(P.l.151026 X P.I.2CC940) 2 3 14.90 8.15 c.27 
Fl(P.I.151026 X P.I.200940) 2 5 0.40 8.40 5.50 
Fl(Pel•15102t: X P.I.200940) 2 7 20 •. H 5.13 3.91 
Fl(Pele151026 X P.I.20C940) 3 2 27.47 11-19 e.s4 
Fl{P.I.t51026 X P.I.200940) 3 3 39.71 15 • ..30 12.36 
Fl(P.I.151026 X Pela2~C940) 3 4 9.21 7.80 !'::.46 
Fl(P.Ial51026 X P. I e200940) 3 6 37.29 8.81 7.27 
Fl(P.Iel51026 X P.J:.200940) 3 7 9.28 9.93 7.72 
Fl(Pal.15102t: X Pele2CC940) 4 ..3 3.31 13.51 10.72 
Fl(P.I.l51026 X P • I • 2C 09 4 0 ) 4 4 6.3.78 6.70 =.56 
Fl(P.Iel51026 X P.l.2CC940) 4 5 lla16 8.20 f.70 
F 1 ( P • I • 1 51 026 X Pele200940) 4 6 34.90 10.91 e..42 ...... 
Fl(P.Ial51026 X P.I.2CC940) 4 7 19.30 16.78 13.29 
...... 
co 
F1(P.Ial51026 )( Pelel6S815) 1 1 16.06 <;.41 e.t7 
Fl(P.Ia151026 X P.I.l6S815) 1 2 10.18 14 • ..34 1 1. 70 
Fl(P.I.151026 X P.I.l6S815) l 3 26.29 10.30 9.16 
Fl CP.I.l51026 X Pelel6S815l 1 5 59.55 10.88 c;;.75 
Fl(P.I.t51026 X Pelel6S815) l 6 43.90 8.80 7.70 
Fl(P.lal51026 X Pelel6~815J 2 5 2.45 14.85 14:.19 
Fl(P.I.151026 X P.I.l6S815) ..3 1 127.80 5e45 4 • ..30 
F 1 ( P .I • l 51 026 X P.I.l6Sdl5} 3 4 73.22 6a34 !:.to 
Fl (Pal el51026 X Pelel6S815) 4 2 9 • ..34 10.73 8.39 
Fl(P.I.15102t: .X P.I.16S815) 4 ~ 155.30 6.<;2 5.54 
F 1 ( P • 1 • 1 51 02 t .X P.I.16S815) 4 5 74.11 'Oe67 4.48 
Fl(Pelel51026 X Pele282108) 1 1 ..3.85 <;.8!:.: €.80 
Fl(Pelel51026 X P.l.282108) 1 2 le65 10.21 1.6~ 
F 1 ( P .. I el51 026 X P.I.282108) 1 6 .37.17 10 • ..39 7.77 
Fl(Pelel5102t; X P.I.282108) 1 7 24 • .36 a.oo 6.36 
F 1 (Pel el 51 026 X Pele282108) 2 2 58.60 7.80 f. 55 
Fl(P.I.151026 X P.I.282108) 2 4 16.68 6a25 5.33 
F 1 ( P .1 "1 51 026 X P.I.282108) 2 5 22.00 9.70 7.65 
Fl(P.lel5102t X Pale282108) 2 6 36.75 21.58 18.52 
Fl(P.I.l51026 X P.I.282108) 2 7 1.37.d8 10.09 7.94 
Fl(Pale151026 X P.l.282108) .3 2 59.62 14.26 12.00 
Fl{P.I.l51026 X Pele282108) .3 3 63. 1 7 10.20 7.Sl 
Fl(P.Iel51026 X P.I.282108) 3 5 22.14 l.3.{)6 11.64 
F 1 ( P • I al51 026 X P.I.282108) 3 6 100.70 1Jael3 '=0.53 
THYPTGPHAN CONTENT 
YIELD U"COf<RECTED CCR11ECTED 
PEDIGREE REP PLA"T GM/PLANT NG/GM MG/GM 
Fl(P.Ie151026 )( Pele282108) 4 4 17.50 8.ts 6.46 
F1(Pelel~1026 )( P.I.282108) 4 6 J6. 00 6 .. 71 5.89 
Fl(P.I.151026 )( Pele282108) 4 7 15.48 14.24 1 1 .at 
F 1 (Pele200940 X Pele151026) 1 4 1.09 5.03 4.02 
F 1 (P.I e2C0940 )( Pelel51026) 1 8 2.53 7.60 !:.79 
F 1 ( P • 1 • 2 00 94 0 )( Pela151\>26) 2 1 15.22 1':0.88 e.o2 
F 1 (P • I .200940 )( P.t.15102t:) 2 2 2a6l 16.!9 12.86 
F 1 (P.I a200940 )( P.I.t!:l02c) 2 3 .3.17 30.08 2!:.15 
F1(Pele2G0940 )( p,.J.l51026) 2 4 0.36 9.24 7.48 
F1 (Pel e200940 X Pele151026) 2 7 0.54 i.le54 5.54 
Fl(P.Ie200940 )( P.l.t51u26) 3 2 57.89 7.77 6.62 
F 1 (P.Ie2C0940 X Pele151u26J 3 3 58.5~ 7a8l 6.54 
Fl(Pel e20094C X P.I.l5102t') 3 4 45.22 6.13 !:.06 
F 1 (Pel e200940 )( P.I.151026) 3 6 56.70 11.2:3 8.25 
Fl(Pele200940 X P.I.1~1026) 3 7 47.38 13.9-3 11.45 
F1(Pele200940 X Pale151026) 3 8 32.88 7.9t; 6.13 
F1 (P.le200940 )( P.I.l51026) ·~ 1 9.32 2o.oa 16.74 
F 1 (P.I e2C0940 X Pele151026) 4 2 9.82 9e80 7.51 
Fl(P.le2C0940 X Pelal51026) 4 3 13.6.3 5.<;1 4.81 1--' 1--' 
F 1 ( P • I • 2 00 9 4 0 X P.t.t51026) 4 5 le69 ~-30 4.05 ~ 
F l (P.Ie200940 )( Peie151026) 4 6 4.08 15.85 12.53 
P(Pele200940 X Pele200940) 1 2 3.70 l.le46 e.59 
P(Fele200940 X P.I.200940) 1 3 4.19 8e!:i2 6.43 
P(Pele200940 X Pela2COS40) 2 1 ..3.22 t5.oo 10.59 
P(F.I.200940 X P.I.200S40) 2 2 6a49 11al2 8.41 
P(P•l•200940 X P.l.200S40) 2 .3 15.51 ~.oc; 6.41 
P(P.I.200940 X Pale200S40) 2 6 3.42 15.20 11.50 
P(Pela200940 X Pela2CCS40) 2 1 1.02 c.t3 4.50 
P(Pele200940 X P.I.200940) 3 1 3.77 24.2<; 1S.06 
P(F .. le200940 X Pele2COS40) 3 2 Oe.31 18.90 13.51 
P(P.Ia200940 X Pela200S40) .3 .3 8.54 19.00 15.20 
P(Pele200940 )( Pela200S40) 4 3 35.80 12.98 E.78 
P(Peie200940 X Pele200940) 4 4 47.81 17.74 14.16 
P(P.Ia200940 X P.I.200940) 4 5 36.09 14.54 11.26 
P(P.Ie20C940 X P.I.2C4JS40) 4 6 1.47 8.os 5.54 
P (F. I .200940 X P.I.200'i40) 4 8 3. 18 10.66 7.77 
Fl(P.Ie200940 X P.I.16S815) 1 1 59 .. 29 l.:i.22 1C.87 
F 1 (P.I a200940 X Pelel6~815) 1 2 64.49 6.70 !: .67 
Fl(P.Ie200940 )( P.I.l6S815) 1 .3 37.54 22.30 17.36 
Fl (Pela200940 )( P.I~l6S815} 1 4 19.06 6.53 ~.52 
Fl(P.I.200940 )( P.I.16<.iS15) 1 5 7.20 11.93 S.33 
F l (P.I.200940 )( P.I.l6S815) 1 0 63.3S 9.41 1.56 
F 1 (P,.I .200940 X P.I.16S815) 1 a 38.20 1.3.85 11.02 
F1(P.Ie200940 X P.l.l69815) 2 1 20. 14 6.18 fa15 
tRYPTOPHAN CCNlEt-.T 
YIELD l;"'CGf<f<ECTED CCRf'ECTED 
PEDIGREE REP PLANT GM/PLAfi.IT Mu.IG~ MG/GM 
F l(Pele2C0~4C ,)( P.I.lcS815) 2 2 so. 73 11.33 <;;. 18 
f'l(P.I.200940 ,)( Pelel69815) ') 3 79.00 so.o1 7.65 ~ 
Fl(P.J e200940 ,)( Pele16S815J 2 ~ 11.06 <:3.90 1.23 
Fl(Pele200940 )( P • I • 16S 8 15 J 2 5 11.86 12.49 1Ce4l 
Fl(P.le2C0940 )( P.l.l6S815) 2. 1 Oe7l e.21 t.l2 
Fl(P.Ie2C0940 )( P.I.l6S815) 3 2 42.63 4.23 3. 1.3 
F 1 (P.Ie200940 )( Pelel6S815) 3 .3 25.59 7.5.3 ~.78 
F 1 ( P • 1 • 2 00 9 4 C )( Polel6S815) .3 4 44.20 11.47 c;.48 
Fl(~.I.200940 )( P.I.J.6S815} .3 7 4.3.76 7.76 ~.81 
Fl(Pele200940 .X P.I.16S815) 3 8 17.57 10.94 S.28 
FHP.I .200940 X P.J.l6S815) 4 1 117.26 7.43 5.54 
Fl (Pele200940 X P.I.16Ciel5) 4 2 66.48 7.49 5.99 
f'l(Pele2C0940 ,)( P.I.16S815) 4 ~ 62.58 Ce59 ~.35 
F 1 (P.Ie200940 X P.J.16<;815) 4 4 .36.45 9.57 8.12 
F 1 ( Pele200940 X P.I.16S815) 4 5 64.53 ·~·81 16.46 
F 1 ( P • 1 • 2 00 9 4 0 .X P.J.16S815) 4 6 55.49 13.0.3 c;.at 
Fl (P. I e200940 X Pelel6S815) 4 7 11.75 10.35 e.57 
Fl(Pole200940 )( P.I.169815) 4 8 76.61 18.84 15.29 
Fl(Pele200940 )( P.I.282108) 1 2 19 .o 1 6 .. 03 4.89 
,__, 
N 
F l (Pe I e200940 X Pele28~108) l 4 3.12 12.67 9.73 0 
F 1 (Pele200940 .X P. l • 26210 8) 2 1 74.05 t.2(; ~.25 
F 1 (P. I .200940 X P.I.282108) 2 5 92.03 2a.o:: 24.46 
Fl (P.Ie200940 X P.I .. 282108} 2 7 31.91 9.50 t.10 
F I ( P • 1 • 2 00 9 4 0 )I P.I.282108) 2 a 86.66 13.14 1Ce83 
FHPel .200940 X Pele282108} 3 1 23.32 6.91 5.77 
Fl(P .. I.20C940 X Pele282108) 3 2 13 • .J 1 15.51 11.67 
Fl(Pale2C0940 X P.l.282108) ..3 3 18.46 8.59 (:.96 
Fl(P.I.200940 .X P • .le2b2108) - 5 2e49 28.54 22 .• 42 Fl(Pele200940 .X P.I.282108) 3 6 34.29 14.45 1 1 • 71 
Fl(Pele200940 X Pele282108} 3 7 31.95 8 .. 28 (:.96 
Fl(P.I .200940 X P.I.282108) 3 8 50 .. 86 9e91 f.54 
F 1 (Pel e2COS40 .X Pele282108} 4 1 23.70 7.31 ~.47 
F 1 (Pele200940 X Pele2€2108) 4 2 27.70 1..3.91 1 1 • 1 1 
Fl(P.I.2C0940 X P.I.282.l08) 4 3 25.24 s.4t: 7.53 
Fl(Pele200940 ,)( P.I.282108) 4 4 32.44 13.74 1 1. 15 
Fl(P.I e2C0940 X Pele282108) 4 5 25.13 tv.06 11.8"7 
Fl(P.I.2C0940 .X P.I.2S210Sl 4 8 le29 8.61 1.08 
F 1 ( P • I • 1 69 8 1 5 X P.I.t51026} 2 1 69.04 10.48 e.46 
F u P .1 • 1 69 a 1 s )( P.I.t51026) 2 5 59.89 6e90 5.97 
F 1 ( P • I • 1 69 8 l 5 X P.I.151026} 2 6 52.24 9.16 6.85 
F 1 ( P • I • 1 69 8 1 5 X P.I.151026) 3 1 26.86 lt;.2<;i 12.82 
Fl(Pele169S15 X Pelel!:1026) 3 2 65.62 10.73 Ee95 
FHPelel69815 .X Pele151026) 3 4 32.66 9.49 7.85 
F 1 ( P • I • 1 69 8 1 5 X Pelol51026) 3 5 9 .. 76 tc.51 14.09 
TR'tPlCPHAl'-1 CCNlENT 
YIELD UNCCf.:JCECTED CCRI'ECTED 
PEDIGREE REP PLANT GM/PLANT MG/'GM MG/'GM 
F 1 ( P • I • 1 69 B 1 5 X Pele151026) 3 8 59.85 1tle13 13.47 
F 1 ( P • I • l 69 8 l 5 X Pelel51026) 4 1 122.62 8.78 7.20 
F 1 ( P • I • 1 i:9 S 1 5 X P.I.t51026) 4 2 19.13 9e7l s.ta 
F 1 ( P • I • 1 69 8 1 5 X Pei•1~1026) 4 3 43.97 10.85 '9.47 
F 1 ( P • 1 • 169 f 1 5 X Pelei51026J 4 4 66.91 6.94 !:.41 
F 1 ( P • I • 1 69 8 1 5 X Pelel51026) 4 5 21.28 9.11 7.72 
F 1 ( P • I • 1 €9 815 X P.l.l51026) 4 c 4.52 11.42 e.8s 
Fl(P.I.169815 X P.1.20C940) 1 1 11.66 8.3.3 6.69 
F 1 { P • I • 1 69 81 5 X Peie200940) 1 2 9.81 14.22 11.14 
F 1 ( P • 1 • 169 81 5 X Pele2CC940) 1 3 17.28 14.5..3 11.10 
F 1 {Pel e1698 15 X Pelo200940) 1 4 54.34 11.61 <.;.34 
F 1 ( P .1 • 1 69 81 5 X Pele20C940) 1 5 20.48 14.29 11.{;;7 
F 1 ( P • I • 169 81 5 X P.I.200940J 1 6 2..13 24e6S 20.72 
Fl(P.lel69El5 X P.I.2CC940) 1 7 3.19 9.35 c.a5 
F 1 ( P • I • 1 69 S 1 5 )( P.1.200940) 1 s 36.05 15.81 1:!.17 
F 1 ( P • I • 1 69 8 1 5 X Pele20C940) 2 2 24.05 7.21 5.46 
F1 (P.I e1c9815 X P.I.20C940) 2 4 54.88 7.55 {;. 36 
Fl(P.I.169S15 X P.I.200940} 2 7 5.82 15.17 12.62 
F1(Pel•169815 X P.1.2(1C940) 3 1 84.03 16.85 14.15 ...... 
F 1 ( P • I • 169 e 1 5 X P.I.2CC940) .3 3 49.01 8.92 7.18 
N ...... 
F 1 ( P .1 • 169 81 5 X Pele200940) 3 4 145.08 28.03 23.72 
F 1 ( P • I • 1 69 E 1 5 X P.I.200940) :: 5 68.81 13.52 11 • .3.3 
F 1 { P • I ·169 E 15 X P.l.200940) 3 7 133.91 9e45 7.4.3 
F1(Pelel69815 .X P.I.2.CC940) 3 8 84.93 8.01 6.61 
F 1 ( P • I • 1 69 e 1 5 X P.I.ZCC940) 4 1 36.54 lf;e20 13.24 
F l ( P • I • 169 S 1 5 .X p. 1 • 2 0 09 4 0 ) 4 2 36.39 e.7e 7.23 
F 1 ( P • I • 169 B 15 X P.I.2CC940) 4 3 61.85 7.86 6.39 
F 1 ( P • I • 1 69 8 1 5 X P.I.2C0940) 4 4 65.{;;1 7.11 5.83 
F1(Pel•l69815 X Pele2CC940) 4 5 11.85 ta.8o 7.<1io 
F1 (Pele169815 X P.I.2lJ0940) 4 {; 45.37 18.29 15.56 
F 1 { P • I • 169 81 5 X P.I.2CC940) 4 7 78.89 1~.41 1C.74 
F1 (Pelel69815 )( Pele2CC94C} 4 8 47.4c 21.93 1E.38 
PtP.lel6981!: X P.I.16SE15) 1 ~ 60.05 21.1.3 1E.73 
P(F.Ie169815 X Pele16S815) 1 3 14.31 18.32 tc.40 
P(P.I.16<i815 )( P • I el6S E 15) 1 6 64e1<i 9.93 e.63 
P(Pelel69815 X P.l.l6<i815) 1 8 55.98 7.83 6.69 
PtP.I.169815 X P.I.t6S815) 2 1 56.53 7.8.3 c.c;:; 
P(P.Iel69815 X Pelel6<i€15) 2 2 59.81 s.ot: 8.25 
P(P.Ie1698l5 X P.I.t69E15) 2 3 7.os e..74 1.33 
PCP.Iel69815 X P • I • 169 8 15) 2 4 33.90 17.21 15.42 
P(P.Iel698l5 X P.I.t6S815) 2 5 65.28 1Se97 1c.69 
P(F.le169815 X P.1.16SE15) 3 1 51.71 .34.41 30.46 
P(Fele169815 X P. I • 1es e 1 s > 3 2 59.06 1.2.77 10.82 
P(Pel•169815 X P.I.16SE15) 3 .3 78el9 .1 ~. 29 11.06 
iRYFTOPHAN CCNTEI'IiT 
YIELD UI\(.GKf<ECTED CCRF<ECTED 
PEDIGREE REP PLAI';T GM/PLANT MG.IGM MG/GM 
P(Fele169815 X P.I.16SS15) 3 4 55.93 12.81 11.26 
P(P.I.t6<;tH5 X P • I • 1 69 E 1 5 .) 3 5 84.39 18.23 15.71 
P(P.Iel69815 X Pelel69S15) • 6 53.52 11.01 <;.97 -' 
P(Pelel69815 X Polol69815) 3 7 68.04 17.90 15.79 
P(Pale169815 X Pelel69E15) .3 8 121.77 12.35 11.52 
P(Pelel69815 x P. 1. t6s e 15 > 4 2 19.05 14.31 12.59 
P(Pelel69815 X P.I.loS815) 4 3 4la55 17.84 15.63 
P(P.I.l69815 X P.I.lcS€15) 4 4 .3.47 9.42 E.28 
P(F.I.169815 X P.[.169815) 4 c .30 • ..35 22.11 2Cel6 
P(P.Ie169815 X P.1.16S.E15) 4 8 42.76 10.33 €.61 
Fl(P.J.169E15 )( P.i.282108) 1 1 77.15 14.43 11.85 
Fl(P.l.l69El5 X P.I.282108) 1 2 19. 15 11.5.3 9.38 
Fl(Pelel69€15 X Pele262108) 1 .3 42.67 9.85 7.56 
Fl{Pel .169815 X Pele282108) 1 4 24.72 7.71 5.85 
F 1 ( P •I• 169 E 15 )( P.I.282108) 1 6 36.87 8.60 1.49 
Fl(P.I.l69€15 X P.1.282108) 1 7 42.37 7.84 6.67 
F 1 ( P .t.169 815 X P.I.282108l 2 1 14.05 10.69 e.55 
F 1 ( P • I • 1 69 e 1 5 X P.I.282108) 2 2 104.02 9.45 E.26 
F 1 ( P • I • 169 8 1 5 X P.I.28~108) 2 5 39.15 12.95 1C.43 1--' N 
F 1 ( P • I ·• 169 € 15 X P.l.282108) 2 7 28.51 6.94 :.35 N 
F 1 ( P .t.169 8 15 X P.I.2821C8) 2 8 12.41 a.oe 7.C1 
F l ( P • I • 169 8 1 5 X P.I.28~108) 3 2 18.00 10.97 (;i.73 
Fl(P.I.16S;S15 X Pele282108) 3 5 36.47 o.oo 34.80 
Fl(Pelel-69815 X P.I.28~108) 4 1 27.46 11.80 10.09 
F 1 ( P • I • 1 69 8 1 5 X Pele282108) 4 2 17.85 16.06 13.46 
F1(P.le1ti9815 X P.t.282108) 4 3 45.77 12.5.! 9.19 
F 1 ( P • I • 1 69 81 5 X P.I.282108) 4 6 55.98 10.52 Ee52 
F 1 < P ·• • 169 e 1 5 )( P.I.282108) 4 7 5.62 12.14 10.12 
F 1 ( P • I • 169 8 1 5 X P.I.282108) 4 8 1.94 16.9;{. 13.72 
F 1 (P.I .28210e )< P.l.15102t:) 1 1 20.12 8.15 6.37 
F 1 ( P • I • 2 82 1 0 8 X Pelol51026) 1 2 1.15 6.22 5.16 
Fl(P.I.2821C8 X P.I.151026) 1 .3 43.55 7.10 5.88 
F 1 (P.I .282108 X Pele151026) 1 5 5.8d lSe07 tf.05 
F I ( P • I • 2 82 1 0 8 X Pelel51026) 1 6 12 •. 51 10.37 e.69 
F1(P.Ie282108 X P.I.151026) 2 1 6.84 14.82 11.94 
F 1 ( P • I • 2 821 C 8 X P.I.l51026) 2 2 38.64 6.61 5.54 
Fl(Pele282108 X Pele151026) 2 4 31.40 19.4C 16.65 
F1(P.Ie282108 X P.I.151026) 2 7 47.86 6.2t: 4.15 
Fl(P.le282108 X P.I.l51026) 2 8 6.40 l2.01 S.56 
F 1 ( P • I • 2 82 1 0 8 X P.I.151026) .3 2 8.93 20.93 17.95 
F1(P.I .. 2E210B X P • I • 15 10 2t: ) 3 3 9.6.3 5.52 4.29 
F 1 ( P • I • 2 82 1 0 8 X Pele151026) 3 4 3.5S 13.67 1C.44 
F 1 c P .1 • 2 82 1 o e X P.I.l51026) .. 7 71.7C 11.48 s.53 
F1(P.I.282108 X P.I.l51026) 4 3 11.92 7.2S 5.S2 
TRYFlCPHAN CCNTE"'T 
Y IELl) u"'CORJ.cECTED CCRI=lECTED 
PECIC::f:«EE REP PLA"'T GM/PLANT MG/GM NG/GM 
Fl(Pele282108 X P.1.151026) 4 4 10.16 15el4 12.15 
Fl (P.I e282108 }C P.I.151026) 4 5 8.93 7.93 Ce34 
Fl(P.I.282108 }C P.I.151026) 4 6 12· 78 19.54 16.82 
Fl(P.I.282108 X P.l.15102c) 4 1 1. 59 11.93 lC.05 
Fl(P.I.282108 }C P.l.20C940) 1 2 6.68 18.a'9 15.12 
F 1 ( P • I • 2 82 1 0 8 X P.I.200940) 1 3 6.48 o.9o 4 .. 90 
Fl(P.l.282tCa )I P.I.200940J 1 a 13.!a 12.2€ 9.50 
F l ( P • I • 2 62 H 8 )I P.l.20C940J J 1 10.65 6.94 5.42 
Fl(Pele282108 )C P.I.200940) 3 ~ 28.98 8.08 €.06 
F 1 ( P • 1 • 2 82 1 0 8 )( P.I.2CC940) 3 5 3.59 1.3.a6 9.63 
F 1 (P.I.2B2108 X P.I.2CC940) 4 1 85.79 10.33 s.oc:; 
Fl(P.le282108 X P.I.2CC940) 4 4 40.70 12.44 9.31 
F1(Pele282108 }C P.I.2CC940l 4 5 3.72 6.91 e.s2 
F 1 (Pel .282108 )( P.I.20C940) 4 7 11. eo 11.20 .7 .34 
F 1 ( P • 1 • 2 62 1 C 8 )C P.I.200940) 4 8 0.54 14.04 1 c .12 
F 1 (P. I .282108 X P.I.16S815) 1 4 1.67 13.57 11.64 
F 1 ( P • I • 2 82 1 0 8 )C P.I.l69815) 1 c::: 17.54 20.1S 17.05 ..... 
F 1 ( P • I • 2 82 1 0 8 X P.I.16S815) 2 2 17.63 8.a1 .c.c3 
Fl(Pele282108 )( P.I.UiS81:5) 2 6 86.52 12.40 10.35 1-' 
F 1 ( P • I • 2 82 1 0 8 )C P.I.169815) 2 8 77.07 1..3.70 11.62 N w 
F1(P.Ie282108 X P • I • 169 8 15) 3 1 4.31 9.07 6.94 
Fl(P.Ie28210a )( Pelel69815) 3 2 10.27 8.90 7.65 
F1(P.Ie282108 .X p .• I.16S815l 3 4 8.41 7.25 4.75 
Fl(P.Ie28210a X P.I.l69815) 3 5 52.51 <;.31 7.62 
Fl(P.I.282108 .)( P • .l.16c.f815) 3 6 30.47 8.40 t.3l 
F 1 (Pel e28210€ X P.I.l6Sal5) 3 7 34.42 12 • ..34 1C.35 
F1(P.Ie282108 X Pele16S815) 3 8 20.98 26.6<jj 24.83 
F 1 ( P.I .2a2108 X Pelel6SB15) 4 l 42.35 9.57 Ee51 
F 1 (P. I .282108 X P.l.169815) 4 2 4.36 12.21 10.02 
F 1 ( P.J.28210a X P.I.169al5) 4 3 53.60 .14.02 12.58 
Fl(P.I.28210E X P.I.16SB15) 4 4 40.32 15.51 13.35 
F 1 ( P • I • 2 82 1 0 8 )( P .• I.l6S815) 4 5 7.02 9.50 7.€0 
F 1 ( P • 1 • 282 l 0 8 X Pelel6S815) 4 .6 8.40 6.a.3 ~.70 
F 1 ( P • I • 2 82 1 C a .>< P.I.169815) 4 8 4.47 14 .. 45 11.72 
P(Pele282108 X P.I.282108) 1 l 0.47 14.05 10.52 
P(Pele282108 X P.I.282108) 1 3 lel3 s.6c 4.67 
P(Pele282108 X P • I • 2 82 1 C 8 ) 1 4 22.00 12.64 10.38 
P(P.Ie282108 X Pele284: 108) 2 1 c7.91 a.oc €.24 
P(Pele282108 X P.l.28210a) 2 2 61 .29 8.oo 6. 74 
P(P.I.28210a X Pele284:108) 2 5 32.04 14.30 12.18 
P(Pele282108 X P.I.282108) 2 7 17.86 18.9S u: .eo 
PlF.Ie282108 X P.I.282108) 2 8 14. v7 1..3.85 11.65 
P(P.Ie282108 X P.I.282108) 3 1 3.04 16.37 13.76 
P(Pele282108 X P.I.za~tua> 3 4 25.09 6.94 5.66 
TRYPTOPHAN CC"-lEI\T 
YIELD uNCORRECTED CCRf<ECTEO 
PEDIGREE REP PLANT GM/PLANT MG/Gt-1 MG/GM 
P(P.le282108 X P.l. 2d2108) -; 5 13.92 7.31 t.28 
P(P.Ie282108 X P • I • 2 8£ 10 8 ) .3 7 12. 9.3 2.3. 05 20 • .33 
P(Pele282108 X Pele282108) 4 1 8.34 17.62 14.46 
P(P.I.282108 X P • I • 2 82 I 0 8 ) 4 2 1 • ..30 20.57 1~.27 
P(P.I.282108 X P.l.282108} 4 5 8.47 s.84 7.71 
P(Pele282108 X Pele28£108) 4 7 be..36 6-.SS 5.66 
F2(P.I.2C0940 X P .. I.282108) 1 2 o.1s 13.2.3 c;.s8 
F2(P. I .2C0940 X P.I.282108) 1 3 14.38 9.25 7.18 
F2(P.I.200940 X P • I • 28210 8} 1 fl 0.22 7.9.:: !:.31 
F2(P.I.200940 X Pele282108} 1 1 1 11.40 33.7:: 2c.39 
F2(P.I.2C0940 X P.I.282108) 1 18 23.27 11.31 S.55 
F2(P.I.200940 X P.l.28210€) 1 22 1.47 10.62 7.55 
F2(P.I.200940 X P.I.2€2108) 1 24 3.77 9.30 7.92 
F2(P.l.200940 X P.I.282108} 1 29 18.45 7 .6{; 5.66 
F2(P.Ie200940 X p. 1 • 2 62 10 8 ) 1 ::1 0.47 10.28 c.96 
F2(P.I .200940 X P.l.282108) 1 35 26 • .38 6.80 5.75 
F2( P.I .2 OOS40 X P.I.2S2108) 1 39 2.44 17.47 \2.44 
F2(P .. I .200940 X P.I.282108) 1 43 6.51 15.3{; l 1 .91 
F 2(P el .200940 X P.I.282108} 1 44 37.58 s.3o 7.19 ...... 
F2(P.le200940 X P.I.282108) 1 45 2.83 2.3.14 tc.o5 
N 
.;::.. 
F2(P.Ie20094C )( P.I.2€2108) 1 4{; 11.51 5.81 4.26 
F2(P.Ie200940 X P.I.282108) 1 !:2 23.46 9.28 7.86 
F2(P.Ie200940 X P.I.282108l 1 53 38.9S 19 • .JZ: U5 e73 
F2<P.Ie200940 X P.I.262108) 1 57 0.69 19.0<:1 14.33 
F2(P.I.200~40 X P.t.2821J8) 1 59 12.42 9·30 7.12 
F2(P.I.2C0<#40 X P.I.282108) 1 60 6.79 13.67 ;.ss 
F2(P.I.200940 X P.I.282108) 1 6.1 0.64 25.28 1€.76 
F2(P.I.200940 X Pele282108) 1 {;5 2.59 20.58 t!S.c;3 
F2(P.I.200940 X P.I.282108) 1 {;7 1e31 10.5(.. 8.41 
F2(P.I.200940 X P.t.28210ti) 1 68 24.41 7.44 5.16 
F2(P.I.200940 X P.I.28210S) 1 70 3.63 b.07 4.61 
F2(P.Ia200940 X P. I .282108) 1 71 17.97 10.07 7.40 
F2(P.I.2C0940 X P.I.282108) 1 72 21.16 14.35 11.23 
F2(P.Ie200940 X P.I.282108) 1 74 19.73 ~~.51 lC.t:3 
F 2 ( P • I • 2 00 9 4 0 X P.I.282l08) 2 3 9.74 13-15 10.65 
F2 ( P.l e200940 X P.I.282108) 2 9 1. 6 7 7.86 C:.26 
F2(P.le200940 .)( P.I.28210S) 2 1 1 0.22 15.17 ;.72 
F2(P.Ie200940 X Pele282108) 2 18 51.55 19.24 15.92 
F2(P.Ie20094C X P.I.28210S) 2 19 24.58 13.38 11.33 
F2(P .. I.200940 X Pele2821C8) 2 20 0.47 6.6':.1 5.15 
F2(P.Ie200940 X P • .I.28210S) 2 21 5.26 23.45 1S.50 
F2(P.le200940 X P.J.2821C8) 2 2.3 1.14 17 • .3{; 14.42 
F2(P.I.200940 X P.I.2d2108) 2 ~c ,_ 42.15 13.65 1C.39 
F 2 ( P • I • 2 OC 9 4 C X Pele2€2108) 2 26 21.8S 11.52 7.83 
TRYFlCPHAN CCNTE"'T 
YIELD lit>.COf<f<ECTED CCR~ECTED 
PEDIGREE REP PLA"'T GM/PLANT MG/GM M<:/GM 
F2(P.Ie200940 )C P.I ... 282108) 2 27 4.10 3(;.51 2€.85 
F2(Pele200940 )C Pele2842108) 2 35 2.49 6.09 4.62 
F2(P.Ie200940 )( P.I.2E210e) 2 36 83.12 15.09 12.48 
F2(Pele200~40 )( Pele282108) 2 37 2.60 25.04 tE.89 
F2(P.Ie2C0940 X Pele282108) 2 39 18.57 .11.59 10.06 
F2(Pele20094C )( P.l.282108) 2 40 49.31 t:J.t::t: c.t:t 
F2(P.le200940 X P.l.282108) 2 4 l 64.58 11.75 Se66 
F2(P.Ie2C0940 X P.I.28210S) 2 42 11.92 9.03 t:.20 
F2(P.I.200~4C X Pele282108) 2 43 55.15 9.34 7.12 
F2 ( P. I e200940 )( P.I.282108) 2 46 18. 5t a.54 €.97 
F2(Peie200940 X Pele282108) 2 50 5.17 Ce39 5.18 
F2(P.I.200940 X Pele282108) 2 55 33.32 6.28 4.27 
F2 (p., I •200940 .)< Pele282108) 2 56 40.05 9e44 7.26 
F2(P.[e200940 )< P.I.282108) 2 57 9.31 16.4~ 13.76 
F2(P.I.200940 X Pele282108) 2 58 24.93 9.69 7.57 
F2(P.Ie200940 X P.I.282108) 2 59 9.45 11.10 €.65 
F2(P.Ie200940 )< Pele282108) 2 60 23.72 <;;.90 7.68 
F2(Pele2C0940 X Pele282108) 2 61 2.14 10.97 e.4t 
F2(Pele200940 X P.I.282108) 2 62 11.86 7.34 5.97 ........ 
F2(Pele200940 )( P.1.282108) 2 63 2.88 1~.19 1C.04 N U1 
F2(Pele200940 X Pele282108) 2 t:5 4.54 14.44 11.06 
F2(Pele20094C )< Pele282108) 2 66 7.16 1().81 €. 71 
F2(P.Ie200940 X P.I.282108) 2 67 o.oo 1C.84'!f €.60 
F2(P.I.200940 X P.I.2sc:toa> 2 71 le44 8.62 6.04 
F2(P.1e20094C )( P.l.282108) 2 72 19.20 16.71 13.e8 
F2(P.Ie2C0940 X Pele28210.E) 2 73 40.16 9.57 7.18 
F2( P.I.200940 )( Pele282108) 2 74 27.44 <:.ie56 7.69 
F2(Pele200940 X P.l.2S210S) 2 75 7e75 9.39 6.85 
F2{P..,Ie200940 X P.I.2821J8) 3 2 23.69 8.9<; 7.66 
F2( P •I .2 00940 X P.I.282108) 3 3 3.94 11.41 E.53 
F2( Pel .200940 )( P.I.282108) .3 5 5.o6 5.97 4.62 
F2(P.Ie200940 )( P.J.282108) 3 10 4.80 7.04 5.31 
F2(P.le200940 )( P.I.282108) 3 11 3.57 9.51 1.70 
F2(P.t.200940 X P.I.282108J 3 13 .11.78 o.3e 4.89 
F2(P.Ie200940 X P.I.282108) 3 14 32e09 lle65 s.s::: 
F2(P.I.2C0940 X P.I.282108) 3 15 0.66 9.02 7.16 
F2(Pel .200940 )( P.I.282108) 3 16 9e94 7.81 5.51 
F2(P.Ie2C0940 X Pel.28210t:) 3 17 24.14 1.:3.61 11.01 
F2(Pele200940 )( P.I.282108) 3 19 0.78 7.99 5.52 
F2(P.Ie200940 X P.l.282108) 3 20 11. 13 9.73 e.o2 
F2(Pei .200940 X Pele282108) 3 2e 16.21 8.20 6.37 
F2(P.Ie200940 X Pele282108) 3 29 2e68 9.16 7.55 
F2(Pele200940 )< P.I.282108) 3 30 Oe86 10.42 7.93 
F2(Pele200940 X P.I.282108) 3 -32 2.52 o.o::: =. 19 
JRVPTGPHAN CCNTENT 
YIELD UNCCRJ.<ECTED coqJ<ECTED 
PECIGJ:<EE REP FLANT GM/PLANT MG/G., f>IG/GM 
F2(P.I.200940 >< P.I.2d2108) 3 .3.3 .30.03 10.5<;; c;. 1..! 
F2(P.I e200940 X Pele284:10S) -.. .!4 14. 1 t: 6e0l 4.99 
F 2 ( P. I •200940 X Pele282108) .3 35 3.16 10.36 €.36 
F2(P.I.200940 )( P.I.282108) :3 Jt 7.30 6.44 5.16 
F2(P.I.200940 )C P.I.28~108) 3 39 42.07 8.73 7.34 
F2(P.Ie200940 )C Pele284:10c) 3 40 .31.02 7.53 t:. 14 
F2(P.I.200940 )( P.I.284:10c> 3 42 58.95 o.25 4.50 
F2(P.le200940 )C P.I.282108) 3 43 19.46 12.10 s.78 
F2(Pele20094C :X P.1.282108) :: 45 46.15 5.29 4.19 
F2(P.Ie200940 X P.I.28.C:108) 3 46 5.3t: 7.07 5.50 
F2(Pel•200940 X P.I.282108) 3 5C 3e48 6e87 5.02 
F2(P.I.200940 ) P.l.282108) 3 55 18.2c; 6.<.;;2 5.49 
F2 (P.I.200940 X P.I.282108) 3 56 1·38 9.19 6.43 
F2(Pal e200940 )( P.1.282108) 3 57 51.68 7.43 5.(:5 
F2(Pal.200940 )( P.I.282108) .3 58 27.68 7.82 5.68 
F2(P.I.200940 X Pela282108) .3 61 11.36 .5.85 4.52 
F2(P,.Ia200S40 .X Pele282lll8) 3 62 10.37 9eo2 7.90 
F2(P.Ie2C0940 )( Pela282108) 3 63 2.02 7.92 tie 51 
F2(P.I.200940 )( P.l.282108) 3 64 3.56 9e35 7.21 
1-' 
N 
F2(P.I.200940 )( P.l.282108) 3 65 19.04 1.1c s.ee m 
F2(P.Ie200940 X P.I.282108) 3 66 0.70 9.8ti 7.35 
F2(P.I.200940 )( Pele2S2108) .3 67 23.10 7e40 5.88 
F2(Pele200940 )( Pele28210S) 3 68 29.9C':1 6.48 5.30 
F2(Pale200940 )( c.t.282108) 3 t:9 23.57 7.35 5.41 
F2{Pele2u0940 X P.I.282108) 3 70 4.37 7.'06 ::.43 
F2(P.I.200940 X Pele282108) 3 72 41.26 5.83 4e13 
F2(P.I.2C0940 X Pele282108) 3 73 7.66 7.03 !: .40 
F2(Pele2C0940 )( Pele282108) 3 74 17.49 7.S6 t:.45 
F2(P.I.200940 X P.I.282108) 3 75 4e67 7.80 5.81 
F2(P.I.200940 )( P.I.2821u8) 4 4 17.14 7.90 t: • .33 
F2(Pela200940 )( P .. l.28210S) 4 5 2.37 s.9e 6.90 
F 2 (P. I .200940 X Pele282108) 4 e 6.79 l2.93 10.22 
F2(P.I.200940 X Pele28210S) 4 9 .37.13 7.8<.;; 6.17 
F2(P.I.2C0940 )( P.I.282108) 4 12 9.21 19.02 15.31 
F2(Pele200940 .X P.l.282108) 4 13 3.47 21.08 17.03 
F 2 (P • I .200940 )( P.I.282108) 4 14 2.92 30.43 24.01 
F2tP.I.200940 )( Pele282108) 4 21 1.48 17.7!: 13.00 
F2(P.I.200940 )( P.I.2S2108) 4 23 32.15 11.97 c;. 19 
F2(P.Ie200940 X P.I.282108) 4 24 "39 • .37 14.50 11.78 
F2(Pele200940 X P.I.282108) 4 25 5.3.34 22.95 l€.58 
F2(Pel.200940 )( Pele282108) 4 27 53.70 8.95 6.81 
F2(P.I.200940 X P.I.28.C108) 4 30 Oe33 9.62 7.12 
F2(P.le200940 )( P.I.282108) 4 .31 3e0.3 6.60 5.26 
F2(Pele200940 )( P.I.28210S) 4 33 1.02 10.69 7.29 
TRYPTCPHA~ ~CNTENT 
YIELD UhCG~~ECTED CCR~ECTED 
PEDIGREE REP PLAhT GM/PLANT MG/GI4 MC:/GM 
F2(P.I.200940 )( P.I.282108) 4 J(; 16.93 15.61 12.07 
F2CPele2C0940 )C P.I.282108l 4 37 64.63 13.45 11.29 
F2(P.l.200940 )I P.l.Z€2108) 4 3€ 12.77 18.62 15.11 
F2(P.I.200940 )( P.l.282108) 4 39 40.51 7.15 4.92 
F2(P.I.200940 )( P.I.2821J8) 4 40 o.so o.60 5.05 
F2(P.Ie200940 )( P.I.28~108) 4 42 52.69 7.80 t.5o 
F2CP.I .200940 X Pele282108J 4 44 o. 53 6.12 4.88 
F2(P.I.200940 )C P.I.2d2108) 4 45 2.54 10.82 <;.25 
F2(P.I.2C0940 X P.I.2€2108J 4 47 67.35 7.88 6e36 
F2(P.Ie200940 X P.I.282108) 4 50 2.93 29.43 20.28 
F2(Pele2C094C )( Pele282108) 4 51 25.70 11.41 E.95 
F2(P.I.200940 X Pele28210Sl 4 !:::2 14.91 17.33 14.86 
F2(Pele200940 )( P.I.2E2108) 4 !:4 2.13 13.58 10.30 
F2(Pele200940 X P.l.282108) 4 56 0.66 9e03 6.92 
F 2 (Pe I e200940 X P.I.282108) 4 58 6.06 10.60 7.88 
F2tP.I.200940 )( P.I.282108) 4 59 2.00 14.26 9.95 
F2(P.I.200940 )( P.l.282108) 4 t4 0.90 14.74 tC.53 
F2(P.t.200940 )( Pele282108) 4 ~5 1.96 13.77 11.13 
F2(P.Ie200940 X Pele282108) 4 (;7 7. 19 5.6!: 4.29 ....... N 
F2(P.I.200940 )C Pele26~108.) 4 68 6e83 9.78 8.11 -....J 
F2(P.I.200940 X P.l.282108) 4 70 lell 8el4 e.o8 
F2(P.Ie200940 X P.I.282108J 4 71 1e59 s.79 6.27 
F2(Pele200940 X Pel.282108) 4 72 2.75 14.50 11.16 
F2(P.le28210f: X P.I.200940) 1 4 2.58 5.53 4.34 
F2(P.le2821GS X P.I.2v0940> 1 5 37.51 15.44 1~.55 
F2(Pele28210c )( Pele200940) 1 6 2.70 7.6.3 6.43 
F2(P.I.282108 )I P.I.200940) 1 7 Oe47 7.92 5.95 
F 2 ( P • I • 2 82 1 0 8 )( P.l.200940) 1 9 15.09 11.86 ~.46 
F2(P.I.282108 )I P.I.20C940) l 1C 32.84 10.45 €.14 
F2(P.I.282108 X P.I.2CC940) 1 12 49.16 12.20 1C.59 
F2(P.I.2821C8 )( P.I.20C940) 1 14 5.04 19.32 16.'90 
F2(P.le282108 X P.1.200940) 1 16 34.60 34.31 2€.85 
F2(Pele282108 X P.I.2CC940) 1 18 37.06 6.52 5.41 
F2(P.Ie28210d X P.I.200940) 1 19 20.09 5.09 4.01 
F2(P.Ie282108 X P.I.200940) 1 20 39.35 16.52 13.92 
F2(Pele282108 X P.I.20C940) 1 f1 5e31 12.33 e.94 
F2(P.I.282108 X P.l.200940) l 24 38.95 4.74 J.7c. 
F2(Pele282108 )C Pele200940) 1 25 35.62 21.68 18.48 
F2(P.I.282108 X P.I.20C940) 1 26 lle62 6e54 4.64 
F2(P.Ie282108 X Pele2C0940) 1 27 23.78 16e2S 15.84 
F2(Pele282108 )C Pele2CC940) 1 28 11 .15 19.21 14.79 
F2(P.l.282108 X Pele200940) 1 29 1.7<; 20.55 lt.15 
F2(P.I .282108 X Pele20C940) 1 :: l 28.82 5.93 4.73 
F2(P.Ie282108 X Pele200940) 1 .::2 8.92 6e95 5.22 
TRYPTOPHAN CGNlENT 
VlELD UNCOR~ECTED CGR~ECTED 
PEDIGREE REP PLANT GM/PLANT MG/GM MG/GM 
F2(Pala282108 X P.I.2CC940l 1 33 4alil 19.28 16.26 
F2(Pal•282108 X Pela200940) 1 34 9a62 7.37 5.38 
F2(P.Ia282108 X P.l.200940) 1 35 52.87 2;j. 77 20.00 
F2(Pala282108 X Pala20C940) 1 37 55.09 9a23 7.48 
F2(P.J.282108 X Pala200940) 1 38 14.74 7.54 6.41 
F2(P.la282108 X P.l.200940) 1 40 J9.06 18.80 1!:.40 
F2(Pela282108 X Pala2C0940J 1 41 24.1:6 12.01 10.45 
F 2 (P a I .282108 X P.l.200940) 1 42 3a45 6.46 4.86 
F2(P.Ia28210S X P.l.20C940) 1 45 7.79 6.27 4.88 
F2(P.Ia282108 X P.I.200940) 1 46 10.30 12.61 c;.70 
F2(P.la282108 X Pale200940) 1 48 46.2E 21.30 17 • ..32 
F2(Pala282108 X Pala2GC940) 1 4C, 76.89 9a06 5.96 
F2(P.I.28210S X Pela200940) 1 50 15.47 14.8.1 11.00 
F2(P.la28210S X P.I.20C940) 1 52 15.55 14.79 11.41 
F2(P.I.282108 X P.I.200940) 1 !3 9a81 27a18 23.21 
F2(Pala282108 X Pale200940) 1 55 21.51 15.99 12.57 
F2(Pela282108 X P.t.2C.l0940J 1 57 6a55 16.02 13.65 
F2(Pala282108 X Pale200940) 1 59 2.53 9.27 6.60 
F2(Pela28210S X Pala200940) 1 61 58.94 18.58 15.32 ..... 
F2(Pala282108 X Pale200940) 1 t3 6.50 9 .. 74 7.72 N co 
F2(P.I.282108 X Pala200940) 1 t4 24.49 16.75 12.b3 
F2(Pala282108 X Pala20C940.) 1 71 22a6S 7.33 5.50 
F2(Pala282108 X Pale20C940) 2 1 7a55 7.59 5.67 
F2(Pala282108 X Pala200940) 2 2 45.75 14.18 lla54 
F2(P.la282108 X P.J.20C940l 2 3 11.66 6.17 4.47 
F 2 ( P • I • 2 82 1 0 8 X Pala200940) 2 4 65.34 31.68 26.86 
F2(Pala282108 X Pela200940) 2 7 la69 15.46 12.70 
F2(Pala282108 X Pala200940) 2 9 45.85 10 .. 89 e.21 
F2(P .1.282108 X P.l.200940) 2 14 Oa63 7a59 !:.62 
F2(Pal-.282108 X Pale20C940) 2 16 10.27 11.07 e.86 
F2(Pela282108 X P.I.200940) 2 18 92.82 17.64 14.33 
F2(P.I.282108 X Pela200940) 2 21 le25 14.64 10.47 
F2(Pela282108 X P.I.20C940) 2 22 26.73 13.51 1C.90 
F2(Pele282108 X Pela200940) 2 23 Oa96 8.86 1.24 
F2(P.I.282108 X Pela200940) 2 24 12.41 tia29 3a51 
F2(P.I.282108 X P.l.200940) 2 25 4.56 13e43 1 o.as 
F2(Pala282108 X P.I.200940) 2 29 5al8 7.58 Ea9l 
F2(Pele282108 X Pale200940) 2 30 0.55 8el8 5.99 
F2(Pel.282108 X P.l.200940) 2 32 44.02 8.57 7.26 
F2(P.I.282108 X P.I.200940) 2 .33 17. 7"7 6.85 5.05 
F2(P.I.282108 X P.I.200940) 2 34 12.71 7.28 5.30 
F2(P.I.28210S .)( Pale200940) 2 .35 39.33 16.93 13. 7o 
F2(Pel.282108 )C P.I.200940) 2 36 1.70 13.10 10.37 
F2(Pala282l08 X P.I.2CC940) 2 31 3all 8a81 6.57 
THYPIOPHAN CONTE~T 
YIELD UNCORRECTED CCRRECTEO 
PECIGREE REP PLANT GM/P.LANT MG/GM MG/GM 
F2{P.Ie282108 X P.I.20C940) 2 41 50.78 7.36 :.79 
F2(Pele28210S >< P.I.200940) 2 43 16.94 8.15 6.60 
F2(P.I.282108 )I P.I.200940) 2 45 Oe43 15.47 11.68 
F2(P.Ie282108 X P.l.200940) 2 47 21.09 10.69 8.56 
F2(P.Ie282108 X P.I.200940) 2 4~ Oe28 7.14 5.06 
F2(Pele282108 )< Pele20C940) 2 50 40.64 8 • .34 t:.40 
F2(P.I.282108 X P.I.200940) 2 51 50.57 lS.4t: 12.75 
F2(P.Ie282108 X P.I.200940) 2 52 18.98 14.32 11.34 
F2(Pele282108 X P.I.200940) 2 5.3 29.01 10.74 8.43 
F2(P.I.282108 X Pele200940) 2 54 31.52 1.3e6f: 11.05 
F2(P.le282108 X P.I.200940) 2 55 1e66 8.14 E.07 
F2(P.Ie282108 X Pele200940) 2 56 31.86 11e14 8.94 
F2(P.I.282108 X P • .l.200940) 2 58 7.27 11.47 e.s8 
F2(P.Ie282108 X Pele200940) 2 59 1.65 16.90 13.83 
F2(P.Ie282108 X P.I.200940) 2 t:O 3.74 10.62 8.45 
F2(Pele282108 X Pele200940) 2 E2 16.44 6e4S 5.17 
F2 (P.le28210 8 X P.I.2C:C940) 2 f3 7.16 21.56 lt:.53 
F2(P.le282108 X Pele200940) 2 65 19.86 15.92 1.3.04 
F2(P.I.282108 X P.I.20C940) 2 67 13.62 ~.82 8.to ....... 
F2(Pele282108 X Pele200940) 2 68 25.60 8.29 6.59 N 1.0 
-t= 2 ( P • I • 2 82 1 0 8 X P.I.200940) 2 69 33.67 7.44 t:.20 
F2(P.I.282108 X P •. l.2(;0940) 2 71 6.95 8.27 t:.54 
F2(P.I.282108 X P.I.2C0940) 2 72 28.46 10.74 9 .ts 
F2(P.le282108 X P.I.200940) 2 7.3 43.68 7.25 =.65 
F2(Pele282108 X Pele20C940) 2 74 67.43 13.53 11.57 
F2(P.I.282108 X Pele200940) 3 1 18.21 9.44 6.40 
F2(P.I.28210E )C P.I.20C:940) 3 3 27.88 12.70 e.86 
F2(Pele282108 X P.I.200940) 3 5 17.32 22.33 1e.54 
F2(Pele282108 X P.t.200940) .3 7 14.57 25.0€ 21.47 
F2(P.Ie282108 X P.l.200940) 3 9 40.94 15.45 11.72 
F2(Pele282108 X Pel.200940) .3 11 4e58 9.81 8.37 
F 2 ( P ·• 1 • 2 82 1 0 8 X Pal.200940) ..3 1.2 54 • .32 6.50 4.54 
F2(P.I.282108 .)C P.I .. 2CC940) 3 15 49.88 9.70 8.03 
F2(P.I.282106 )( P.l.200940) .3 16 22.65 15.12 1.2.71 
F2(Pe I • .282108 X P.I.200940) 3 17 55.46 9.95 Ee:34 
F2(P.I.282108 X P.l.200940) 3 18 1·44 8.04 t:.59 
F2(P. I .282108 X P.I .. 200940) :3 19 47.56 16.83 14. 19 
F2(P.Ie282108 X P.l.20C940) .3 20 6.3e1<.il 16·92 13.35 
F2(P.I.282108 X P.I.200'ii40) 3 21 3.01 11.53 7.60 
F2(Pele282108 X P.I.200940) 3 22 7.35 10.00 7.64 
F2(Pel .282108 X Pele200940) 3 2.3 44.72 18.74 15.46 
F2(P.I.282108 X P.I.200940) 3 24 66.00 6e88 5.19 
F2(Pele282108 X P.I.200940) .3 26 82.49 9.5.3 7.86 
F2(P.Ie282108 X P • I • 20 0 9 4 0 ) .3 21 36.33 8e65 6.97 
TRWPTOPHAN CCNTEhT 
YIELD vNCOH~ECTED CGR~ECTED 
PEDIGREE REP PLANT GM/PLANT MG/GM MG/GM 
f=2{P.I.282108 )< P.l.200940) .3 28 24.77 21.34 16.16 
F 2 ( P • I • 2 82 HJ 8 X P.I.200940) .3 29 4.3. 71 18.50 15.41 
F 2 ( P • I • 2 82 1 0 8 X Pele200940) 3 30 63.03 12 • .30 10.32 
F2CP.l.282108 )( P.I.200940) 3 31 18.85 6.77 5.24 
F2(Pel.282108 X Pele200940) 3 .32 4e99 bel4i fe31 
F2(Pel.282108 X P.I.200940) 3 38 37.91 7.36 5.55 
F2(P.I .282108 X P.I.20Q940) 3 41 64.92 7.t>1 5.40 
F2(Pele282l08 X Pele200940) 3 44 27.22 12.43 4i.43 
F2(P.Ie282108 X P.I.2CC940) 3 46 6.59 11.04 8.16 
F2(P.I.282108 X Pele200940) ":I 47 36.96 ce88 5.78 ... 
F2(P.Ie282108 X Pele200940) 3 48 63.96 28.23 2~.13 
F2(Pele282108 X Pele200940) 3 51 1.46 10.22 7.82 
F2(Pele282108 )< p. 1.200940) 3 52 4.82 10.78 €.72 
F2(Pel.282108 X Pele200940) 3 E3 42.17 23e01i ~~.63 
F2(P.I.282108 X Pele200940) 3 54 12.97 9.10 6e13 
F2(Pele282108 X Pele200940) 3 55 12.96 10.88 8.32 
F2(Pele282108 X P.I.20C940) 3 56 23.89 7.31 5.19 
F2(Pele282108 X P.I.200940) 3 58 42.52 12.10 'Ci.85 
F2(P.I .28210€ X P.I.200940) .3 61 70.58 10.24i €.46 1-' 
F2(Pele282108 X Pele200940) 3 f2 43.77 7.92 6.45 w 0 
F2(Pele282108 X Pele200940) 3 63 3.54 30.7! 25.27 
F2(Pele28210S X Pel.200940) 3 64 60.20 25.21 21.27 
F2(Pele282108 X P.I.200940) 3 65 41.91 7.03 5.71 
F2(Pele282108 X Pele200940) 3 66 54.56 14.85 10.89 
F2(Pele282108 X P.I.200940) 3 68 9.07 11.42 e.83 
F2(Pele282108 X Pele200940) 3 71 o.85 18.98 14.~1 
F2(P.Ie282108 X P.I.200940) 3 72 4.59 11.54 ~.07 
F2(P.I.282108 X P.I.200940) 3 73 11.43 ., • 2 7 5.56 
F2(Pele282108 .)( P.L.200940) 4 1 0.55 t.c.5o 12.<;5 
F2(Pele282108 X P.t.20C940) 4 3 39.58 8.1.3 5.66 
F2(P.Ie282108 X P.t.200940) 4 4 48.70 19.42 16.51 
F2{P.I.282108 X. P.I.200940) 4 5 37.68 5.63 3.87 
F2(P.J.282108 X P.l.200940) 4 6 35.60 7.72 t.oo 
F2(PeJe282108 X P.J.200940) 4 7 7.45 14.25 10.90 
F2(Pele282108 X P.I.200940) 4 16 7.18 6.73 5.17 
F2(P.Ie282108 X P.I.200940) 4 20 0.89 9e45 t:e82 
F2{P.I.282106 X P.I.200940l 4 23 22.04 5.43 4.34 
F2(Pele282108 )( P.I.20C940) 4 24 1.30 11.04 7.72 
F2(Pel.282108 X P.l.200940) 4 28 40.77 l1.5.3 e.74 
F2(P•1•282108 X P.I.200940) 4 30 15.97 11.29 9.72 
F2(Pel•282108 X Pele20CJ940) 4 31 3.76 13.30 10.5.3 
F2(P.I.282108 X P.I.200940} 4 .34 0.65 6.3<.;; 4.23 
F2(P.I.28210S X Pele2CC940) 4 35 8 •. 34 7.4t: 5.57 
F2(Pe I •282108 )( P • I • 2 0 09 4 0 ) 4 36 1.04 7.81 5.97 
TRYPTOPHAN CCNIENT 
YIELD uNCGRRECTED CCRRECTED 
PEDIGREE REP PLANT GM/PLANT MG/G., MG/GM 
F2(P.I.282108 X P.I.2CC940) 4 :38 7e63 6e11 4.47 
F2(P.Ia2d2108 X Pele200940) 4 40 2.80 12.00 e.28 
F2(Pele282108 ~ Pele200940) 4 41 7.34 1.Ce72 10.49 
f2(P.I.282108 X Pele200940) 4 42 26.89 5.99 4.98 
F2(P.Ie282108 X P .. I.200940) 4 43 2.06 16.93 12.35 
F2(Pela282108 ~ P.I.200940) 4 44 1· 89 s.se 6.92 
F2(Pel•282108 X Pele20C940) 4 47 0.45 1.73 5.82 
F2(Pele282108 X Pele200940) 4 48 38.15 15 •. 02 11.68 
F2(P.I.282108 )I Pele200940) 4 49 tt.24 18.82 15.33 
F2(P.I.282108 X Pele200940) 4 50 67.51 27.33 22.77 
F2(Pel .282108 X i='ele200940) 4 51 7.48 15e69 12 • .32 
F2(P.Ie282108 )( p .• t.200940) 4 52 14.57 s.81 6.91 
F2(P.l.282108 )I P.I.200940) 4 54 2e22 8e67 7.05 
F2(P.Ie282108 X Pele200940) 4 55 9.99 9.50 7.63 
F2(P.I.282108 X Pele200940) 4 57 13.67 5·99 4.49 
F2(P.I.282108 X P.I.200940) 4 59 71.97 10.47 €.29 
F2(Pele282108 X Pele200940) 4 60 4.96 8.33 6.48 
F2(P.Ie282108 X P.I.200940) 4 til 4.83 10.24 7.52 
F2(P.I.282108 X Pele200940) 4 62 0.32 11e36 7.94 ....... 
F2(P.Ie282108 X P.I.200940) 4 63 3.30 8.95 6.37 w ....... 
F 2 (Pel e282108 )( Pele200940) 4 E4 45.66 17e49 15.25 
F2CP.I.282108 X Pele20C940) 4 65 7.08 17.28 14.36 
F2(P.Ie282108 .X Pele200940) 4 66 3.22 9.94 7.33 
F2(Pele2€210€ X Pele2C0940) 4 67 10.72 8.86 6.73 
F2(Pele282108 X Pele200940) 4 68 3.25 10.50 8.06 
F2(Pe1e2d21 08 X Pele200940) 4 69 13.47 15.48 12.14 
F2(P.le282108 X P.l.200940) 4 71 28.63 10.87 8.86 
F2(P.I .282108 .X Pele2CC940) 4 72 6e95 9.94 8.69 
8C(Pele200940 )( (P•l•200940 X P.I.282108)) 1 3 0.44 7.19 4.66 
BC(P.I.200940 )( (P.Ie200940 X Pele2821C8)) 2 1 8.18 19.84 15.60 
8C(P.I.200940 )( (Pele200940 X P.I.282108)) 2 2 25.83 10.20 7.55 
8C(Pele200940 X (Pele200940 X Pele282108)) 2 ~ 60.76 9.44 7.21 
BC(P.Ie200940 .X (P.I.200940 X P.I.282108)) 3 2 67.52 13.36 1c.as 
8C(P.t.200940 X {Pele2~0940 X P.I.282108)) 3 3 50.10 7.76 5.79 
BC(Pel e200940 .X (P.Ie2C0940 .X Pele2€2l08)) 4 1 7.79 22.96 te.78 
BC ( P. I .2 00940 .X (Pele20J940 X P.I.282108)) 4 3 le49 9.27 6.70 
8C(P.I.200940 )( (Pele2821G8 X Pele200940)) 1 1 8.38 11.43 e.29 
8C(P.Ie200940 X (Pele282108 .X P.I.200940J) 1 2 4.15 10.32 7.82 
8C(Pele200940 )( (P.Ie2E2108 X P.I.200940)) l 3 7.25 9.oe 6e88 
8C(Pele200940 X (Pele2S2108 X P.I.200940)) 2 1 1.49 6.39 4.29 
8C(P.l.200940 X (P.I.2€2108 X Pele200940)) 3 2 36.17 15.78 12.61 
BC( P. I e200940 X (Pele28210E X P.I.200940)) 4 2 0.77 21 • .34 16.38 
8C(P.Ie28210E )( {Pele2C0940 X Pele282108)) 1 1 16.50 15.65 12.42 
BCCP.Ie282108 X (PeJe200940 X Pele282108)) 1 2 25.31 6.91 7.15 
TRYPTGPHAN CCNTE~T 
YIELD UNCCR~ECTED CCRRECTEO 
PEGI<iREE. REP PLAI\T Gt-4/Pt.ANT M\./G~ MG,GM 
8.C(P.le282108 )( (Pele2C0940 X P.1.282108)) 1 3 1e09 6e08 4.89 
8C(Pele282108 X (Pele200940 X P.t.282108)) 1 6 loe14 7.34 !:.93 
8C(Pele2S.2108 X (Pele2C0940 X Pele282108)) 2 1 97.50 7.04 e.55 
BC(Pele282108 X {Pele200940 X Pele2S2108)) 2 2 110.69 18.53 15.84 
8C(P.I.282108 > (Pele200940 X Fele282108)) 2 6 49.94 20.82 1E.S2 
8C(Pele282108 X (Pele2C0940 X P.I.28.2108)) 3 1 27 • .27 16.30 14.01 
8C(Pele282108 X (P.1.200940 X Pele2821C8)) 3 2 45.71 15.68 12.86 
8C(Pele282108 Jc (Pele200940 X P.I.282108)) 3 3 5.34 7.97 5.56 
BC (P. I .282108 X (Pele20094u X P.I.282l08)) 3 4 29.67 16.36 12.06 
BC(Pe le.282108 X (P.Ie2C0940 X Pele282108)) 3 5 6e21 7.26 Ee 18 
BC ( P • I • 2 82 1 0 8 X (Pele.2C0940 X Pele2821C8)) 3 6 16.04 6el6 3.90 
8C(Pele.282108 X (P.I.200940 X P.I.282108)) 3 7 38.22 13.78 10.97 
8C(Pele282108 X (Pele.200940 X P.I.282108)) 4 1 24.90 11.5(; ~.22 
8C(Pele282108 X (Pele2C0940 X Pele282108)) 4 3 34.59 15.09 12.92 
BC(Pele282108 )I (Pele2009~0 X P.I.282108)) 4 6 14.43 7.20 E. to 
BC(P.I e2821C8 Jc (?.1.2€2108 X P.l.200940)) 1 2 u. 51 8.69 E.63 
BC(P.Ie282108 X (Pele282l08 X Pel.200940J) l 5 2e83 14.34 11.84 
BC(P.I.282108 X (Pele282108 X P.I.200940)) 2 .2 2.63 16.31 12.96 
BC(P.Ie282108 X (P.Ie282108 X Pele200940)) 2 5 27.69 11.86 9.56 ....... 
BC ( P • I • 2 8.210 8 X (Pele2€210S X P.I.200940)) 3 2 49.55 12. 1.2 10.07 w N 
BC(Pele282108 X (Pele282108 X Pele200940J) 3 3 12.49 17.75 14.79 
8C(P.Ie282108 X (P.I • .2f2108 X P.I.200940J) 3 4 43.44 19.4:3 16.18 
BC(P.I.282108 )( (P.I.2S2108 X P.I.200940)) 3 5 65.79 14.77 12.24 
BC(Pele282108 X (P.Ie2€2108 X Pele200940)) 4 1 54.27 11.5c 9.09 
BC(P.I.282108 X (Pele2f.2108 X Pele200940)) 4 2 15e.J3 11e83 9.35 
BC(Pe.le2821C8 X (Pele282108 X P.I.200940J) 4 4 8.16 l<i·5f tE.32 
BCCPele282108 Jt (Pele2E2108 X P.I.200940J) 4 5 6.41 10.58 9.22 
BC((P.I.200940 X Pele28.2108) X Pele.200940) 1 3 19.47 12.0c; 9.84 
BC((Pele200940 X P.I.2S2108) X P.I.200S40) 4 1 43.48 24.41 20.58 
BC((Pele200940 X P•l•282108) X Pele200940) 4 2 9.75 10.92 8.47 
8C((P.Ia200940 X Pele.2S2108) X Pele200S40) 4 4 3.22 e.s7 7.36 
BC((Pele200940 X Pele.2€21C8) X Pele200940) 4 5 3.3c;f 8.87 6.19 
8C((P.Ie282108 X P.I.200940) X Pele200S40) 1 2 3.99 8.4c; 6.41 
BC ( (P. I e282lCS X P.I.200940) X P.I.200940) 1 3 7.45 6.60 4.57 
s c c ' P. I • .282 1 a 8 X Pele200940) X P.I.200940) l 4 10.67 8.oo e.54 
BC((P.I.282108 X Pel.200940) X Pele200S40) 1 5 43.19 12.26 9e62 
BC((Pele282108 X Pele200940) X P.I.2COS40) 2 1 3.87 7.13 5.60 
BC((P.I.282108 X Pele200940) X P.I.200940) 2 5 .2.81 10.99 7.78 
BC(CPele282108 X Pele2C0940) X Pele2COS40) 3 1 le33 8.5c; e.o1 
8C((P.Ie282108 X P.I.2C0940) X Pele200940) 3 2 0.66 9.19 e.87 
EC((P.I.282108 X Pele200940) X P.I.200940) 3 3 3.83 10.11 e.e4 
EC((Pele2821C8 X Pele2C0940) X P.I.200940) 3 5 1.07 7e93 5.53 
8( ( (P. le282l08 X P.I • .200940) X P.I • .2C0940) 4 3 18.91 6.71 4.99 
BC((P.Ie200940 X Pele282108) X P.1.282108) l 2 19.97 11.44 E.71 
PECIGREE REP PLANT 
BC((P.I.200940 X P.I.2f2108) X P.1.2821C8) 2 2 
BC((P.I.200940 X Pele2f2108) X Pele262108) 3 1 
BC((P.I.200940 X P.I.2f2108) X P.I.2E21C8t 3 2 
B C ( ( P • I • 2 0 09 4 0 X Pele282108) X P.I.282108) 3 3 
BCC(Pele200~40 X P.I.282108) X P.I.282108) 4 1 
BC((Pele282108 X Pele200940) X P.I.282108) 1 3 
BC((P.Ie2821C8 X P.I.2C0940) X P.I.282108) 2 1 
8C((Pele282108 X Pele2C0940) X P.1.2821CS) 2 2 
8C((Pele28c108 X Pele2C0940) X P.I.2E210E) 2 3 
BC((P.I.282108 X P.l.2C0940) X P.I.282108) 3 1 
BC((Pel.282108 X P.I.200940) X Pele282108) 3 2 
BC((P.I.282108 X P.I.2C0940) X P.I.282108) 3 "'!l ... 
BC((Pele2821C8 X P.I.200940) X P.I.282108) 4 2. 
8C((Pele282108 X P.I.200940) X P.I.282108) 4 3 
YIELD 
GM/PLANT 
15.24 
43.17 
71.48 
17.00 
19.38 
0.63 
12.39 
69.04 
2.18 
17.93 
36.94 
34.65 
35.57 
32.59 
TRYPTOPHAN CCNTE~T 
U~CORRECTED CCRRECTED 
MG/GM MG/GM 
7 .a.s 6el9 
8.66 Eel6 
l1e50 10.16 
9.61 7.42 
13.52 11.98 
13.07 c;.44 
21 .21 tE.56 
20.20 16.66 
9.70 7.84 
18.30 15.56 
6.33 4.33 
29.06 24.23 
8.94 7.17 
21.29 lSe10 
~ 
w 
w 
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APPENDIX D: 
STANDARD ERRORS FOR THE 1978 AND 1979 
TRYPTOPHAN ANALYSES 
135 
Mean tryptophan content for the 620 Plant Introduction lines analyzed 
irr 1978 was 8.4 mg/gm flour. The standard error for the analysis (the 
square root of the error mean square) was ±2.13 mg/gm with 20 degrees of 
freedom. The coefficient of variation was 25.4 percent. 
Mean tryptophan content for the parental and F1 populations is 
presented in Table 7. Similar data for F2 and backcross populations are 
presented in Table 18. The standard error of the analysis was ±1.65 mg/gm 
with 20 degrees of freedom. 
